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_'l%:i:u:.).i Da_a ou[;,p,_c_.eL_ts directly affect the
dlt_a in this inanual and will be incorporated

into titis manual during a future updating

U<oo_:.receipt <.fn.[,Ltuum,i f] a_.Sui;:)h>rnent,

nm.ke an ap]?ropz'i:::i:e refei-ence ",:o d_e Supp!e-
1116_]1[_ ii! "[h@ !ll[tl'!_ill lleSft tO _'_ ":. _n_ .'.:,_.tasupple-

n_e_'/_ied,Supplements ti_< h_o\,'<)been h_.co_"-

pora.ted into this mam,_i shs.iibe dlsc_rded.

Record is issued periodically to-_Supplement ' _ -

indicate d_e s_us........of Supplements issued ioi"





R-3898-1

I_L_.NUAL DATA SUPPLEMENTS

_,alData Supplements are issued from

cnv_: to time to communicate important and

ur_ent information concerning the equipment

c wered in this manual. These Supplements

tear an identifying number and should be filed

_L this Appendix.

)Ltnual Data Supplements directly affect the
data in this manual and will be incorporated

into this manual during a future updating
effort.

this manual. The stacds ol each buppien,_m is

indicated in the "Supplement Status" co._umu.

For active Supplements: no status is entered.

For incorporated Supplements, "_.corpor::[ed"
is entered.

Upon receipt of a M',_:u i De.to Suppiement,

make an appropriate r<.ference to [i:e Supple-
ment in the margin next to the d_{ta supple-

mented. Supplements t:ha:- have been incor-
porated into this m_ultuti :_h'.til be <:hscarded.

A Supplement Record is issued periodically to

indicate the status of Supplements issued for

i

T _'_MANUAL DATA SUPPLEMEN I RECOP_D

'2nis Suppiement Record indicates the status

of Su2plements issued for Technical Manual

R-3896-I as of the date specified above. Sup-

plernents which have been incorporated into

the manual s:_,%,i__' be ren_o,,%d fro : ihe Ap!._:-:<_ix

and destroyed. This Supplenzent ;-,_ co_c_ _:: -,r-
sedes Supplement Record dated i-_. 6m:e I.%,..

Sui:.p iem ent
Nu robe r Dated De scription

f_-3896-i-I

" 3896-i-2

14 June 1966

80 June 1966

_',-3896-1-3 9 June 1971

Changes n_ethods of determinin:._ ,.:e_.;c

exchanger oxidizer and helium by_t.s's
orifice sizes,

Corrects stage condition fuel and oxz_zer

inletpressure requirements for predicth_g

engine start times, and corrects equa.t_on

used to predict time from engine control

valve start signal to hypergol :->;_'itch

dropout.

Changes the description of the engine
envelope dimensions and the engine dry

weight to be compatible with data presented
in section If,

!: c,,:: "90 zate d

_IC ('"?')O1_ate_

Change No, i0 - 16 July 1971 z_.-i/A..-2
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. R-3896-1 ;:::__ Li,;n I]!

Par:_graph_ 3-40 to :3-43}3

;_-40, CALCULATIONS INVOLVING A TYPi-
CAL ENGINIi.

-41. For calculations involving a typical en-

;nne, the initialvalues would be the same as

:he nominal values, as follows:

FEi = FEN Pal = PaN TF'I = TFN
p

F i = PFN PO i = PeN

PFi =PFN PO i =PON

The following are the calculations used to de-

,"_'_-=-, ,,,,,_ the thrust of the engine when operated
under the following conditions:

a. Atmospheric pressure = 3.90 psia
o. Fuel tempei'ature = 75 ° F

c. Fuel density = 50.45 !b/cuff
d'. Oxidizer density = 70.90 lb/cuft

e. Fuel pump inlet pressure = 42.00 psia
f. Oxidizer pump inlet

pressure = 89.55

F. - 1,522,000
-_ 3.90 - 14.696

= (-0.1458) +1,522,000 14.696

(75. oo - 60.00)• #0:06 (0.0191) +

(50.45 - 50.45)5"0:4-5 ' (-0. 9434) +

(70.90 - 71.38,
T1:3"8" ")(2.1345)+

(42.00 - 45.00)7-5:_ (-o.o090)+

(89.55 - 65.00)65.00 (0.0544)

_"E - I, 522,000

1,522,ooo
(-0. 7346) (-0. 1458) +
( 0. 2500) ( 0. 0191) +

( 0.0 ) (-0. 9434) +
(-0. 0067) ( 2, 1345) +

(-0. 0667) (0.0090) +
( 0. 3777) ( O. 0544)

+0.1187 or +11.87 percent
change

F E = +0. 1187 (1,522,000) + 1,522,000

= +180,700 + i,522,000 = 1,702,700

The incl'eilleil[al thrust h:'_s bee:- :'ouna [o be

180,700 lb for the conditions st:era, yiehi:ng a
final enfiine thrus/ of 1. 7<]',700 io. :Propellant
densities may be estimated f:'om measured tern-

perature a:,d pressure ctat_ ,a i[h the aid ef figures
3-40and 3-41. Figure 3-40presents the rela-

tionship between the temperature and density
for a nominal cut of RP-I fuel, When the density

of a batci- of RP-1 is known at _;he temperature,
the densiD" at another temperature can be deter-
mined wit?_ the slope of the nominal RP-I line

shown in figure 3-40, The effect of pressure on

_h_, densiQ; of RP-1 is small a:,_,d m:<; be ignored
f(n.- inlet renditions encoup._ered on d_e engine.
Figure .!:..41 presents the relaHoa_iAp between

liquid ox)gen temperature, pressu_'e, qn(i den-
sity. Two density-versus-tempeca:_,-.e CtlFVeS

are presented to show the effect of varying inlet

pressure on oxygen density.

3-42. CALCULATIONS iNVOLV_fNG A SPE-
CIFIC _-" _r_,N GINE.

3-43. When the values of :_ctuai engine param-
eters differ from those v_{:,das nominal v_,_mes

in the t,%bte of ilffluence coefficients, the "aelta
methoE' of application c:" ]nfiuenc,e coefficients

is used. Thisprocedurc consists cf computing
an incremenkM ctmnge of vaz'iable::, rather than

a percentage change of these , .... i .....; ....... ) ...... The

incremental chano'eo is then applied to t:he actu,'d

engine value. This eKect can be :<ccomplisi_ed
by using the equation of the quannties

FE.' P ' Fi' Po.' P and Po.a. F.' '
I 1 i I I

which are defined as the actual engine values of
these parameters. All other quantities are as
defined previously.

3-43A. TEST TREND CORRECTIONS.

3-43B. During a test_the engine exhibits
characteristic trends that :nay be predicted with
the use of influence coefficients. Nominal and

actual perfomnance values are established during
a time interval of 35-38 seconds of burn time.

Changes occur in turbine operational character-
isties resulting from. coke deposits on in_ernal

turbine assembly. Performance changes are
calculated for burn time using figures 3-41A and

3-41B for engines F-2029 through F-2065 and
figures 3-44 and 3-44A for engines F-2066 and {i

subsequent. Figures 3-41A and 3-44 present the
percentage change in turbine nozzle area as a

Change No. 12 - 12 ,May 1972 3-41





SectionIII R-3896-1

i<

:::::::::::::::::::::::::: :::: ::::::::I:;::::::::::::.: :,':: :' : : ..:.":] '; . {-:. :..: :.:': .. ".- I

_'_:. " I :: w.:::l:- '".': :::::::::::::::::::::::,;. .; :::: .:: . ..::::,: .'_':::::::!::I. ::;'.'P::: :.::_ : ..... ',':

::::::.. • :..:::::'::_:_'_ ...._:...: : ; .. :. ,.::::::..:..:::.:,::::, :: :.: ::. , .

_<,:::: b: : :::3:_::::..!.: " _-:_ . ' :.. : " : ::." :. ::::::::::::::::::::::::::.:!.'

1:'.::!. _!:'.'_::.._...._ ._ ...... _ ............ _" _.'. , .................. _ ", ....................... .
5_,o :., ...... :,, ........ .,_...=__. :.:_.::-7 :"_- ...... _,.:._ Y-:.:: ...--:-CT-T::' . i .

[YT::q_::Y!_i:UY:UY.'.TT_:_qTY:Y_F-::_:Y:'F:- "_'"._ :'""7<.7 ='::::..........::-Y:Y :7"<-" i:7=I

5o.o !.'i" :.:i_:ii,.i:!:!ii:.!:::ii_:!iHi:ii:ii:Eii:h!E; "' .i?"<2-.,i/ii!!:i_ i Z_,-_

_:'::_ NOMP._AL POINT: 50. 45 LB/FT 3-_-/ i _-_ 2:- =.:,]........._"-
]. _ AT 60'F AND ATM;

':: _. SLOPE: -0°0246 LB/FT3/°F - ..... _-:i]:-:-:<:-!! :-: _ • .-

•_o i:__:__:_ ":::: .....::...........--_=-........ ._..__:)7.=..........?:.

, ::::;.:":::"'.,:>:_:: . ,::..'.h ::".; :'.:' ': .... :._'..'::...:::. "

-20 0 20 40 60 80 I00 120

FUEL TEMPERATbTIE, =F

Figure 3-40. RP-I Fuel Density Versus Tem_erature

FI-I-114

©

i)i

i/
:!

3-42

%

m

x
o

72.0

70.0

69.0-

68.0'

[ I I
- NOMINAL POINT: 7i 38 LB/FT 3

AT -298.14"F AND 55 PSIA STATIC

SLOPE: -0.173 LB/FT3/°

-300 -290 -280

OXIDIZER TEMPERATURE, CF

-270

Figure 3-41. Oxidizer Density Versus Temperature

Change No. 9 - 4 November 1970

i

i

Fl-l-l15 t





R-3896-I ::h.cti(._ni[i

_a-_a _;raphs. ".,-.-:....-_ to 3-47

t

J

function of burn time, and figures 3-41B and
3-4_A present the percentage change in

turbine efficiency ratio as a function of burn
time. Performance parameters for burn

time are adjusted by obtaining the percentage
changes expected at the burn time of interest.

These percentage changes and the parameter
influence coefficients are then multiplied to

determine the net percentage change in the per-
formance parameter of interest. In the follow-

mg example, the thrust of the engine operated

under the conditions specified in paragraph

$_-41A is adjusted to a 90-second burn time.

in fiKure 3-41A the percentage change in turbine

nozzle area at 90 seconds is -3.0 percent. In

figure 3-41B the percentage change in turbine

efficiency ratio at 90 seconds is -0.25 percent.

Therefore, using influence coefficients (figure

3-39),

F E - 1,702,700 (-0.0300) (0.0972)

1,522,000 = (-0.0025) (1.1725) +

= -0.00585

F E = (-0.00585) (1,522,000) + 1,702,700

= -8,904 + 1,702,700

= 1,693,796 Ib

Figures 3-41C and 3-44B present thrust differ-

ential (based on a predicted performance value
from a data slice between 35 and 38 seconds

flighttime at sea-level and turbopump inlet

standard conditions) versus burn time when the

performance values are adjusted using influence

coefficients from column 11 and 12 of figures

3-39 or 3-43 and turbine nozzle area and turbine

efficiency ratio changes from figures 3-41A and
3-41B or 3-44 and 3-44A.

correction is zero. With this _._;,'_4-.::....... _n en,4ine

mixture ratio, the C* correction is read from
the curve. This value of C* correction [s used

with the other independent vari:'d_!es ,,o recom-

pure the engine mixture ratio, which yields a
new value of C* correction. The mixture ratio

is then recomputed using the last value of C*

correction. This " • _" "_tte_ aux t, m'ocess is continued

m_til the computed mixture ratio ceases to change

between two iterations, 2"i:( co:r]'c:;l;o'..td[m_
value of C* correction is th(n used with the_ther

independent variables _:o compute the changes in
the remaining dependent variables. For example,
if the final iteration chanae in ,_p.,_1_e mixture

ratio accompanying the It. ST-percent thrus'_
chamge in the preceding example were -5 percent,
then the C* correction front figure 3-42 is 0_ 10

percent. Therefore, the true change in engine

thrust is F E = 11o 87 + 1,1319 (-0.10) = +11o 76
percent.

3-46. COMPONENT REPLACEMENT EFFECTS

ON ENGINE PERFORMANCE AT SEA LEVEL.

3-47. Component replacement effects on en-

gine performance at sea level are in R-3896-11.

The deviations presented are the maximum

expected effects on sea-level engine thrust,

mixture ratio, and specific impulse when the

listed components are replaced, and are ap-
plicable to engines as noted. Tile following pro-
cedure is to be used for determining the max-

imum expected performance deviations for indi-
vidual engines.

a. The deviations listed in R-3896-II, cor-

responding to hardware replaced on the engine,
are to be tabulated and included with the Engine
Log Book. This tabulation is necessary for

future reference and continuous updating when
additional replacements are made.

•. _ Jf

3-44. NONLI-NEAR CORRECTIONS

3-45. A special computational procedure has

been devised to extend the usefulness of engine
influence coefficient. This technique is used _o
allow nonlinear corrections to be made for pa-
rameters where the linear approximation is not

sufficiently accurate. An example of this method
is the C* (characteristic velocity) correction. In
this case, a plot of C* correction versus the

change in engine mixture ratio is included in ad-
dition to the table of influence coefficients. A

plot of these parameters for the engine is shown
in figures 3-42 and 3-44C. The change in engine

mixture ratio is computed for the changes in
atmospheric pressure, propellant densities,

etc, and with the assumption that the C*

b. The combination of" deviations due to the

replacement of each individual component de-
termines the expected maximum performance

deviation. The combination is accomplished by
calculating the square root of tile sum of the

squares of the deviations listed in R-3896-II,
corresponding to each component replaced.
Components replaced a second time are treated
as a single replacement of the item. (No addi-
tional variation is added besides the variation

for the component being replaced a second
time. ) An example is shown in figure 3-45.

Change No. 12 - 12 May 1972 3-43
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Para#,r;lphs ;--.:i _o 3-4'.

/ _ ,j'

t

i_ funchon of burn time, and fig-ure 3-41B presents

tize percentage change in turbine efficiency ratio
as a function of burn time° Performance param-

eters for burn time are adjusted by obtaining

from figures 3-41A and 3-41B the percentage

changes expected at the burn time of interest.
These percentage changes and the parameter
i_luence coefficients are then multiplied to

(ietermine the net percentage change in the per-

.':u,mance paran,e_er of interest. In the follow-

inZ example, the thrust of the engine operated

u,..-!.erthe conditions specified in paragraph

=.A is adjusted to a 90-second burn time.

In figure 3-41A the percentage change in turbine
m',zzle area al 90 seconds is -3.0 percent. In

.q,.ure3-41B the percentage change in turbine

efficiency ratio at 90 seconds is -0.25 percent.

Therefore, using influence coefficients (figure

3-39),

ii F E - 1,702,700 (-0.0300) (0.0972)
_ii =

!i 1,522,000 (-0.0025) (1.1725) +
U

_ = -0.o0585

!i = (-0.00585) (1,522,000) + 1,702,700
,.i F.E

:_i = -8,904 + 1,702,700

= 1,693,7961b

'._ Figure 3-41C presents rJ_rust differential (based
,. on a predicted performance value from a data
_! slice between 35 and 38 seconds flight time at

_. sea-level and turbopump inlet standard condi-
_._tions) versus burn time when the performance
_i values are adjusted using influence coefficients

F..f_ .,m column ii and 12 of figure 3-39 and turbine

i nozzle area and turbine efficiency ratio changesfrom fig_ares 3-41A and 3-41B.

3-44. NONLINEAR CORRECTIONS.

3-45° A special computational procedure has
been devised to extend the usefulness of engine
influence coefficient. This technique is used to

allow nonlinear corrections to be made for pa-
rameters where the linear approximation is not

sufficiently accurate. An example of this method
is the C* (characteristic velocity) correction.

in this case, a plot of C* correction versus the
change in engine mixture ratio is included in
addition to the table of influence coefficients,

A plot of these parameters for the engine is
shown in figure 3-42. The change in engine
mixture ratio is computed for the changes in

atmospheric pressure, propellant densities,

etc, and with the assumption that the C*

correction is zero. Wid_ _!'-ach:_.:<,._ ::_c<,_i_u>

mixture ratio, the C* correction i:: re.:._ _. ,;.:
the curve. This value of C* correci!_;:_ _:. _.-::,cd

with the other independent variables Ic. __,,-,'-_ ....

pute the engine mixture ratio: whirls..x b,,_c, ._
new value of C* correction. The mixv,:,:e :a_io

is then recomputed using the last value of C _
correction. This iterative process is c_,:.',_,hu'.ed

until the computed mixture ra[i.o (:eas(> i_, c!m:_:c
between t_vo iteralions, The .-,_rre_;pc,.._(!_,._;
value of C* correction is ;men _sed wi;h _!'_,.otiuu"

independent variables to compute {he :_?_.,_,_,_;s in
the remaining dependent variables, i,'ov , :::'.Im)le,
if the final iteration change in engine mixtu_:e

ratio accompanying the ii. 8?--perce_t d_:-us,:
chm_ge in the precedinb exan-p_e were -5 percent,
!hen -d_e C* correctior h'om _,u,_,...... _ 3-42 ;_-.,,o.. 10

percent. Therefore, the true chan_<e in engine

thrust is FE= Ii.87+ i:13i9 (-0. I0)=::-ii.,_'6
percent.

3-46. COMPONENT REPLACEMENT EFFECTS
ON ENGINE PERFORMANCE AT SEA LEVEL.

3-47. Component replac,.ement effects on e__-

gine performance at sea L,:_,,,_elare in i_-33i)6-II.

The deviations presente¢i are the ma>n mum
expected effects on sea-l,e,,,el eqgim _. i:m'u:__t,
mLxlure r_.tio, and specific impulse wheh the

listed components are rep':.,.ced, a_>., a_'e ap-
plicable to, engines as note_,. The fe_' :ov,,in!; pro-
cedure is to be used for aetermining ti-te rm._-

imum expected performance deviations for indi-

vidual engines.

a. The deviations listed in R--3,,i6-ii, cor-

responding to hardware replaced o the engine,
are to be tabulated and included _v.th _he Engine

Log Book. This tabulation is nece:-_s,'_ryfor
future reference and continuous updating when

additional replacements are made.

b. The combination of deviations c<_e to the

replacement of each individual component de-

termines the expected maximum performance
deviation. The combination is accomplished by

calculating _he square root of the sum. oi the

squares of the deviations listed in iZ-3896 II,

corresponding to each component replac._::i,

Components replaced a second time are treated

as a single replacement of the item. (No addi-
tional variation is added besides the varie.don

for the component being replaced a second

time. ) An example is shown in figure 3-_i5,

Change No. i0 -16 July 1971 3-43





Section III R-3896-I
i

_o_,=A__ N_-_E_,,..P.E_R __E._N.T._ !.N_ .R_E.A.S_$_I.___..A_._N_Y_ONE_+O.F_T.HE INDE P.E}NDE N T VA R I/kB L E_S_ CA_US E S .................................................

-. THE FOLLOWING PERCENTAGE CHANGE IN ANY ONE OF THE DEPENDENT VARIABLES.

i

-INDEPENDENT VARIA BLES-
I- ATMOSPHERIC PRES .............. 0. 14700E 02

2- FUEL DENSITY (CONSTANT TEMP) ... 0. 10000E 01

3- FUEL TEMP (CONSTANT DENSITY) ... 0. 60000E 02
4- OXIDIZER DENSITY .............. 0. 10000E 01

5- FUEL PUMP INLET PRES .........

6-OXJDE PUMP INLET PRES ........

7- C* CORRECTION ...............

8- ACCELERATION ................ °

-DEPENDENT VARIABLES-

1- 2- 3- 4- 5- C

ENGINE THRUST .................. 0. 15220E 07

-0. 1464
ENGINE SPECIFIC IMPULSE .......... 0.26534E 03

-0. 1464
ENGINE MIXTURE RATIO ............ 0.22698E 01

-0.0000
ENGINE FUEL FLOW ............... 0. 17543E 04

0.0
ENGINE OXIDIZER FLOW ............ 0.39818E 04

-0. 0000
TC INJECTOR END PRES ............ 0. 11248E 04

0.0
TC C* ACTUAL ................... 0. 54514E 04

0. 0000

GIMBAL SUPPLY PRESSURE .......... 0. 18383E 04
-0.0000

GG FUEL FLOW ................... 0, 11795E 03
-0.0000

GO OXIDE FLOW .................. 0.49045E 02

0. 0000
TURBINE SPEED .................. 0. 54922E 04

-0. 0000
TURBINE EXIT STATIC PRES .......... 0. 58273E 02

0.0000
EXHAUST NOZZLE TOTAL PRES ....... 0.46852E 02

0.0
TURBINE MAINFOLD TEMPERATURE .... 0. 15560E 04

0.0

-0. 9062 O. 0184

-0. 1391 O. 0027

-1.5206 -0.0064

0.2885 0.0201

-1.2321 0.0137

-O.6926 O. 0164

O.0989 O. 0007

-0. 5947 O. 0259

O.4077 O. 0159

-0. 8182 O. 0060

-0.7865 0.0111

-0. 6503 O. 0209

-0.4888 0.0191

-2.8035 0.0323

2. 0994 -0. 0083 0. (

0.3076 -0.0013 0.0

1. 5094 -0. 0201 0.0

O. 7440 O. 0069 O. (;

2.2534 -0.0131 0.6

I.7325 -0. 0059 O. C

-0.0840 0.0014 -0.(

1.64 50 O.0017 O. (

0. 6122 0. 0073 0. t

1. 8232 -0. 0079 0. (

0. 8233 -0. 0080 0. (

1. 6968 -0. 0059 0. (

1. 5281 -0. 0039 0. ¢

2. 9285 -0. 0345 0. C

Figure 3-43. Engine Influence Coefficients (Predicted) (Engines F-2066 and Subsequent)
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0, 45000E 02
0, 65000E 02

0,10000E 01
0. 10000E 01

9- MAIN FUEL ORIFICE RESISTANCE .... 0, 31342E-02

10- GG OXIDIZER ORIFICE RESISTANCE . , , 0, 77156E 01
11- TURBINE INLET NOZZLE AREA ..... 0,17023E 02
12- TURBINE EFFICIENCY MULTIPLIER . , , 0, 10000E 01

7- 8- 9- 10- 11- 12-

545

_80

337

_32

569

t54

018

459

_07

455

_34

_29

393

312

1,1781

1,1544

-0,0571

0,0633

0,0062

1,0285

1,0167

0,66C_4

0.3862

0, 5027

0,2837

0.4931

0,4739

0.3329

0, 0013 -0.0264 -0,2549 0, 1254 1, 2273

0, 0002 -0, 0053 -0, 0368 0, 0083 0, 1749

0, 0007 0, 0690 -0, 0085 -0, 0076 0, 0232

0, 0007 -.0, 0089 -0.2121 0, 1224 1, 0362

0.0013 0, 0001 -0, 2206 0, 1148 1, 0595

0, 0011 -0, 0278 -0, 2219 0, 1088 1, 0675

-0, 0000 -0, 0058 -0, 0029 0, 0010 0, 0130

0, 0012 0, 0149 -0, 3047 0, 1466 1, 4007

0,0007 0,0215 -0,1348 0,3911 0.9308

0,0013 -0,0124 -0,3093 0.5187 0,9709

0, 0007 -0, 0076 -0, 1672 0, 0841 0.8051

0, 0012 -0. 0081 -0, 2904 0, 5112 0, 8618

0.0012 -0, 0037 -0, 2657 0, 4995 0, 8543

0,0015 -0,0760 -0,4290 0,2032 0. 1301

//
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R-3896-1 Soction ItI

| ,

I

I
4O

BURN TIME, SECONDS

F1- 1-123

Figure 3-44. Turbine Nozzle Area Change Versus Burn Time (Engines F-2066 and Subsequent)

J

20 40 60 80 100 120

BURN TIME, SECONDS

140 160

F1-1-124

Figure 3-44A. Turbine Efficiency Ratio Curve Change Versus Burn Time
(Engines F-2066 and Subsequent)
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_tg_ar e 3-44B. Thrust Trend for Flight Engines (Engines F-2066 and Subsequent)
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-0.8
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I
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Figure 3-44C. C* Correction Curve (Actual) (Engines F-2066 and Subsequent)
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o

ENGINE X)DfX COMPONENT REPLACEMENT LOG

.......................... r .....................................................

Component

u No. 1 Fuel Valve
_q

t_

_Z No. 1 Turbopump
o Fuel Outlet Line

I

Expected Maxilnum

:_ Deviation as of
o (Date 1)(d)<

g No. 1 Turbopump
'_ Oxidizer Outlet

Line

Expected Maximum
Deviation as of

(Date 2)(e)

No. 1 Turbopump
Fuel (>dtlet Line

Thrust Chamber

Injector

Expected Maximum
Deviation as of

(Date 3)(f)

'i'b.r,_st De-_,}.;_ ",-,

0.9

0.3

1/(0, 9)2+(o. 3) 2

=0.9

7.1

V_(0. 9)2+(0. 3)2+(7.1) 2

=7,2

0.3

6.5

_(0. 9)2+(0. 3)2+(7.1)2+(6. 5) 2

=9.7

Mixture Ratio Deviation

0.017

0,007

_(0. 017)2+(0. 007) 2

= 0.018

0.010

V(olo17)2+(o.007)2+(0.OlO)2

= 0.021

0.007

0.029

Specific hnpulse Deviation

0.14

0.05

14)2+(0.05) 2

=0.15

O. 14

%/(0.14)2+(0.05)2+(0.14) 2

=0.20

0.05

0.33

_(01017)2+(0. 007)2+(0. 010)2+(0. 029) 2

= 0.036

%/(0, 14)2+(0.05)2+(0.14)2+(0.33) 2

=0.39

50
O

C_

5'

_4

I

CO

!

(d) First component replaeem;-',g since delivery (Date 1),
(e) Additional component replaced e_, (Di:.te 2),

(f) Turbopu.mp fue] outlet line 1<_o..I i_?_ _.-'e6 _,_-mond time, also main injector changed on (Date 3).

Figure 3-.45. Example of Calculations Required to Determine Deviations
in Engine: Performance Due to Component Replacement

All data on pages 3-47 through 3 ..-='_,=, :_:_<'.:_d......

©
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Figure 3-41C. Thrust Trend for Flight
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Figure 3-42.

l:'i._,?,:res 3-43 and 3-44 deleted.

C* Correction Curve (Actual)
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_T_ ,t_].pODCPt

t_.phlcemeflE

X ,, I Ih_el Valve

_,,, I Turbopump
_.',,,_,I Outlet Line

_.. l:xpccted Maximum
:< I),,viation as of
'" (Date 1)(d)

No. 1 Turbopump
Oxidize r Outlet

_-_ Line
O

Expected Maximum
Deviation as of

(Date z)(e)

No. i Turbopump
Fuel Outlet Line

Thrust Chamber

Injector

Expected Maximum
Deviation as of

(Date 3)(f)

ENGINE XXXX _O_vi_ O.,,.L.'_.t REPLACE5'iI::N'i L()G

0.9

0.3

V- oT,Lio-:
=0.9

..

7.1

I V_(O, ;) 2+(0. 3)2+(7.1) 2

0,3

6.5

l/(0 .9)2+(0. 3)2+(7° 2

=9.7

,,k:xturc Ratio Deviation

0.017

0,007

t- .....

_/ . , 2(o, ol _) +(o, 007)2"

= 0.018

0.010

oo7)2+(o.OlO)2

::0.021

0. 007

0, 029

t  o17)2+(o. 007)2+(0.olo,, o2 )

= 0.036

Specific impulse Deviation

0.14

=0.15

0.14

_/(0.14)2+(0. 05)2+(0. t4) 2

=0.20

0.05

0.33

14)2+(0o 05)2+(0.14)2+(0.33) 2

=0.39

tb
f_
r_

B

!

¢.0

I

(d) First component replace',_c : ..incc c_ !Y-,,(.'ry (Date 1).
(e) Additional component .,'-rr)l'_:d.,, .. on (Date 2).
(f) Turbopump fuel out!et line No, 1 replaced second time, also main injector changed on (Date 3).

Figure 3-45. "-" ..... Jr.,x:_.,r;i._.... C>.iculativ, s Required to Determine Devlations
in Engine Perio_r;_a:).cr_ .,u. to Component Replacement

All data on pages 3-47 through 3-54 deleted.

/
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t AlONE_PERCENT m-CREASE IN--ANY ONE OF_THE INDEPENDENT_VARIABLES CAUSES _..... - _D_-o:
THE FOLLOWING PERCENTAGE CHANGE IN ANY ONE OF THE DEPENDENT VARIABLES.

i

_INDEPENDENT VARIABLES- !

1- ATMOSPHERIC PRES 0. 14696E 02
2- FUEL DENSITY (CONSTANT TEMP) ..... 0. 50450E 02
3- FUEL TEMP (CONSTANT DENSITY) ..... 0. 60000E 02
4- OXIDIZER DENSITY ............... 0.71380E 02
5- FUEL PUMP INLET PRES ........... 0.45000E 02

I

14
-DEPENDENT VARIABLES-

6- OXIDE PUMP INLET PRES .....

7- C* CORRECTION .............
8- ACCELERATION ............
9- MAIN FUEL ORIFICE RESISTANCE

I0- GG OXIDIZER ORIFICE RESISTAN(

2- 3- 4- 5-

ENGINE THRUST .................... 0. 15220E 07
-0. 1458

ENGINE SPECIFIC IMPULSE ............ 0. 26536E 03
-0. 1458

ENGINE MIXTURE RATIO .... .......... 0. 2270! E 01
-0. 0000

ENGINE FUEL FLOW ................. 0.17537E 04
0.0

ENGINE OXIDIZER FLOW .............. 0. 39812E 04
-0. 0000

TC INJECTOR END PRESSURE .......... 0. 11227E 04
0. 0000

TC C* ACTUAL .................... 0. 54464E 04
0. 0000

GIMBAL SUPPLY PRESSURE ........... 0. 18260E 04
- 0. 0000

GG FUEL FLOW .................... 0. 12056E 03
0. 0000

GG OXIDIZER FLOW ................. 0. 50199E 02
0. 0000

TURBINE SPEED .................... 0. 54884E 04
-0. 0000

TURBINE EXIT STATIC PRES ........... 0. 57121E 02
0. 0000

EXHAUST NOZZLE TOTAL PRES ........ 0. 48056E 02
-0. 0000

TURBINE MANIFOLD TEMPERATURE ..... 0. 15600E 04
0. 0000

-0. 9434 0. 0191 2. 1345 -0. 0090

-0. 1427 0.0028 0.3103 -0.0014

-1.5589 -0.0067 1.5469 -0.0217

0. 2815 0. 0209 0. 7503 0. 0074

-1.2774 0.0142 2.2972 -0.0143

-0.7232 0.0171 1.6718 -0.0065

0. 1029 0. 0007 -0. 0879 -0. 0015

-0. 6190 0. 0269 1. 6679 0. 0017

0.3877 0.0163 0.6319 0.0074

-0. 8460 0. 0067 1. 8511 -0. 0086

-0.8006 0.0115 0.8370 -0. 0085

-0.6500 0.0213 1.6941 -0.0061

-0. 5132 0. 0197 1. 5515 -0. 0043

-2. 8169 0. 0328 2. 9374 -0. 0362

Figxlre 3-39. Engine Influence Coefficients (Predicted) (Engines F-2020 through F--2060)



• 0.65000E 02

• 0.10000E 01
• 0.10000E 01
• 0.34053E 02
.0.80234E 01

11- TURBINE NOZZLE AREA . . .
12- TURBINE EFFICIENCY RATIO . • • • • •

0.17000E 02
0. 10000E 01

7- 8_- 9- 10- 11- 12-

)544 I.1319 O.0014 -0. 0286

)079 i.1470 O. 0002 -0. 0059

)348 -0.0607 O. 0007 O. 0807

)223 O. 0270 O. 0007 -0. 0788

)571 -0.0338 O. 0014 O. 0019

3452 O. 9889 O. 0011 -0.0305

3019 1. 0165 -0.0000 -0.0068

3451 O. 6101 O. 0012 O. 0135

_203 O. 3555 O. 0007 O. 0194

3450 O. 4620 O. 0013 -0.0130

[)230 O. 2638 O. 0007 -0. 0077

041.9 0.4510 0.0012 -0.0081

0389 0. 4364 0. 0012 -0. 0046

0609 0. 3019 0.0016 -0.0724

-0.2741 0.0972 1.1725

-0.0395 0.0042 0.1669

-0.0094 -0.0089 0.0225

-0.2281 0.0992 0.9900

-0.2375 0.0902 1.0124

-0.2387 0.0843 1.0204

-0.0031 0.0007 0.0124

-0.3271 0.1132 1.3934

-0.1464 0.3648 0.9301

-0.3316 0.4805 0.9189

-0.1780 0.0647 0.7609

-0.3073 0.4725 0.8174

-0.2853 0.4641 0.8118

-0.4540 0.1736 0.1155

'_ _ i • : :i I :_



: Paragraphs 3-1..6 to 3-17 • := :; ..... _ : . : _i¢

" " varame_er _econ(ls ,

[ Engine Control Valve Closing !:
_ 3-27 through 3-28A) are presented as nominal

3-17. Engine stop characteristics (figures

values. Refer to R-3896-11 for minimum and

maximum values.

Valve

Switch Potentiometer
Times, , Times, ,

(Seconds) ta) (Seconds) ta)

Signal to:

Thrust chamber pressure
leaves 100%

Thrust chamber pressure
decays to 90%

O. 074

0.118

Engine Control Thrust chamber pressure 0.573
decays to 10%Valve Closing

Signal to:

Gas generator
ball valve starts

to close

Gas generator
ball valve

closing time

0.035

0.090

Oxidizer valve 0.120 0.030

starts to close

Oxidizer valve O.325 O. 540

dosing time

Fuel valve starts 0.115 0.030
to close

Fuel valve 0.930 1.130
,

closmg time

Thrust chamber pressure

decays to zero

I. 864

Figure 3-28. Nominal Thrust Decay Time

From Engine Control Valve Closing Signal

Parameter Value

Maximum thrust decrease 448,000 lb
for 0. 075-second interval

Cutoff impulse 464,000 Ib/sec

Figure 3-28A. Nominal Thrust Decay
and Cutoff Impulse

(

(a) Values are based on S-IC stage

application.

Figure 3-27. Nominal Cutoff Times From

Engine Control Valve Stop Signal

i
i

3--22 Cbartge No. !0 - _(:', J_t_,y .19"Zii
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3-20. METHO)' S FOR PREDICTING ENG_b:.E

VA.i IL'\BLE CI_Ai_ACTER!ST!CS.

5.-21. Methoa_; for predicting engine variable
2:m.:,'acteristics include engine start time pre-
dictions, fuel pump impeller backcasing pres-
.sure re-orfficJng techniques, and methods of

determinhlg heat exchanger oxidizer and helium

b?!p_ss orifice sizes. ..

3-22. ENGINE START TIME PREDICTIONS
: ::._:;FERENCED TO ENGINE CONTROL VALVE

C/L?;NING SICb.AL AND BASED ON STAGE
.,-',P PLICATION).

:!-.?.3. Three meti_ods are presented to predict
_...._ine start time for any engine installed in the

),(-_: 'FHOD 1. This method may be used to pre-

d:cL the engine start time from engine control
. .... w. start slg-nal to hyper_ol switch dropout ff
tn,_ engine has been operated under the following

2.cceptance-test conditions and will be operated
under the following conditions:

Oxidizer Pump Fuel Pump
Inlet Pressure Inlet Pressure

,.kccepmnce- 112 ±10 psig 70 :L10 psig
Test Conditions

Stage Condition 80 psia 45 psia

i-

tp = L-7.087X 10-2(t) + 12. 146 X 10 -5

(PtF)(t) - 4. 219!X 10 -6 (PI)2 + 0. 14432]

i112- Pi%)i [5.53068X 10-4(Pi )(t)o
-.0.!14259j t70- PI£) + 2.105t- 1.02o

.... Predicted time from engine control
valve start signal to hypergol switch
dropout for stage test (seconds)

t Acceptance test time from engine

control valve start signal to hypergol
switch dropout (seconds)

= Pre-start oxidizer pump inlet pres-
sure during acceptance test (psig)

PII _, = Pre-start fuel pump inlet pressure

durin_ acceptance test (psig)

IvIETHOD 2. This method may be used to pre-
dict engine start time from engine control valve

start sigp.al :o hbper?,oi su.ut,,:h cir_,,_,,;::_ ii] the
engine i.<_s been op©i"_ted with ',_r',: :_:_,'.-st:.'.Tt
i:det pressures o:i_e:," ;i'a,._ [ho_._: __pe,:;... ed hi
li"ethod 1, and will be oi:ar_,:ted un,,io;" ":e ;,diow-

iu,_" s_a_e conditions: ([if d_.i,._ c;d.cu[:',i,,,n i:_::_i"o-
grammed, use "double i)i'ccislon" be<':_u.::e ,,Jr
the high exponents involved.)

Acceptance-
Test Conditions

Oxidizer Pump _,_-'"'_.,:, F'u ":_<,
Inlet i)I'CSSi;I'O ht ::t _))'Ch_e;U1"t)

PI 6 ti:'

Stage Conditions

tp = 3. 5041(t)

tp

80 psi& _._5p_i;_

f (P_-e, Pz_) K1 PI ....i= ( ) -,- ,'x_ (P .... '.
2z'¢ z ) ":_

+K4 (PI¢_)4 + K5 (Pi_

+ K (PIF)2

K 1 = -0.

K 2 ; -0.

K 3 = 0.

I{4= O.

K 5 = -0.

K6= 0.

K 7 = -0.

K8= O.

)5 ,._/i<.,.,\
4- i_£. t --:_.,M.Z,_ ,

O _ i_

*8
(PT,)o

_0-i34i4_22i x .

-2
34316603_ 1.0

48888479 x ]0

1088486? x io
-10

43755169 x i0

82104817

54861973 x 10 5

26750823 x 10

Predicted time from engine cont:",:_i
valve start sig_al to h _","_ol• Y_ ..... t ',.-;-:,},_%C_i

' [< _ ,kdropout for stagc test tsecond_<_

PIF

= Acceptance test time from er'gii_.(:
control valve start signal _o hypcr!4oi

switch dropout (seco,.Ms) at inlet c_)n-

ditions of PI_ and PiF (psig)

= Pre-start oxidizer pump inlet p;'es-
sure during acceptance test (psig)

= Pre-start fuel pump inlet pressure
during acceptance test (psig)

= Function of

3-23
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• "",")]IYfHOD3, 'Thismethod may be used to pre-

. .c_ ._, g., _ start time from engine control valve

........,:{tartskfr:al'_ohypergol switch dropout ffthe

engine will be operated at stage conditions other

than an oxidi_er pump inlet pressure of 80 psia

and a fuel pump inlet pressure of 45 psia. (If
tMs calculation is programmed, use "double
precision" because of the high exponents
involved. )

Oxidizer Pui,:o .r.,h_ei Pump
Ldet :[q'essure I,:',i,,-_tPressure

2¢('CmjA.& rice- ..i)., ._D

Test'_ "'+:"bL}l!(il_ioiiS _/_ IF

Stage 't rdom_ h_ "_"
IF

 _me (i')'-orea. -. :/{ff ._or 2, .=,,Zt:.<tK_r,_/.ud ,,

engine :.'<.;.<co_ v.qve ..._./rt si_3nai_o hypergol

switch - :.ouc usln.[ ih_ /o_ _wmg equations:

t = ' PIF': (giP+%
-:, A

_. w _. )- ,- K (P, )5

) "(2 ,.< 2.
'TF t i L- [F)

- l.i._-"----} ._ It,-_-. ) 5
.=¢,' _P! 6

:9 -.-25@2
fF

K.

_3
(P! '

= -0.34146221 x i0 -I

:, = -0. 3431680,% x 10 -9`

%5

-. -,-.7,

= O. 48888,479 x i0

-7
= "_ .... _ :' []7O. _0_'_ _:o x 10

-10
F,: -_.43755139 x i0

O

= 6.82104817

= -0. 548619'73 x 105

1 = 0. 26750823 x 10
o

Desired pre-start oxidizer pump
:inlet press:tre (psig)

Desired pre-start fuel pump inlet

pressure (psig)

! • : Function of

b. Solve for predicted time (tp) from c_,,fi:'e
control valve start si_nai. [o .h.,., .-,,,-,'_.,,,:s',vXc.;,,""
dropout using the following equation:

T" -}

 ---nPl , !L J
" PiF ) (PI 6 _2""t"irF'/°(PI4 , = K 1 ) +

i

* i0

PIF

+ K,, - K (P ()" "" (P.. ';'"
,J 4 iO '"5 ' :

\() ,,I3 1_ ,' ,, ' _'
iZ' • '_'

i it,',x
9

!f" .... - 250)-
iF

(t< )3

: --_,. " _ "]I t%

k 2 = -0. s '..,,;<!t)_; ,< I0-:'

K.. = 0.->,o<_,-_, c' x iO
C .q

.-. -_ 1., ,o,_-..ot._ ; X i[)

= -]0
._.- = O. Z ,-,o= ...... ..- ic_,)O'.b._ .': !tJ

O

: '-'"' • _}4 8 ]A. 0. o.-_ _'

h : -0. 5.:_ o,:,. .._O

i-i_ -: O. 25'7'5tb2:- _:-,_
O

= Predicted time iron- on#_. • c::. ,,r :
valve start s isnal to ,%:pc::-<(<:, ::_,..-, < i_.
dropout for s_a.ge test (sa '._.:,cts)

= .Acceptance :e.'-,:t time h'o.:, ung_:_<;
control valve snort sigm:.z _o hype, :o1
switch dropout (second:.) a,. in!eL ,:o',>
ditions of P., an,./ _ {'.,_si })

= Standardized tr:-x_: .:rcr., " .me c.::: .,-;]

valve start sig,..a. ,:o nypcr _'ol sv:" -._
dropout (seconds) caicui..i:c.< in s..', ._

= P,'e-star_ oxidizer aum._ _" _v
. _,**{:.[ 9:2, ::_-

sure durin Z acceptance :es% (se :o",;. s.

: Pre-start fuel 3_..,:.-_ inlet pres_.ur.,
f . _.,

during acceptance .est <secunos)

: Function of

3-24. _kfterthe predicted time froic epgine con-
trol valve start signal to hypergot switch drop-

out has been calculated by Method i, 2, or :f.,
the predicted stage time from engine contr(,i

valve start sigmal to 90 percent (1,370K) of

rated thrust may be calculated. Lq the stage,
the predicted time from hypergoi switch

• t
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Paragraphs 3-25 to 3-30

dropout to i00 psig chamber pressure is 0.425
second.

Predicted time from

engine control valve

start signal to 90

percent thrust

=tp + i. i00 seconds

tp Predicted time from engine control

valve start signa! to. hypergol switch
dropout.

3-25. FUEL PUMP IMPELLERBACKCASING

_ I_oSSURE RE-ORIFICING TECHNIQUE.

3"-2G. RE-ORIFICiNG WITH NO CHANGE IN

FUEL PUMP OPERATING CONDITIONS. If

t)',e fuel pump inlet pressures and speed are not
to be changed between the latest test and the
next test, use the following equation to re-

orffice the bala,,ce cavity supply line to target
for fuel impeller backcasing pressure of 250

psig:

_0. Pl 2
D 2 = 15634 - 159----9+ D1

D 1 = Supply orifice diameter from latest
test

P1 = Fuel impeller backcasing pressure
from latest test

D. = Supply orifice diameter to be used on
2'

next test

3-27. RE-ORiFICING WITH CHANGES IN

FCEL PUMP INLET CONDITIONS. If the fuel

pump inlet pressure for the next test is to be
d)'fferent from the fuel pump inlet pressure of

_:h< latest test, the fuel impeller backcasing
pressure measured on the latest test should be

,)rejected to that which would have occurred if
the test had been run under the new inlet pres-
s_re. This corrected pressure may then be

used in the re-orificing procedure outlined in
paragraph 3-25. Calculate the corrected fuel

impeller backcasing pressure usingthe following

equation: [PDFL_ PBCL _

PBCN = PDFN " LPDFL PIFLJ

PDFN" PIFN)

PDFL = Fuel discharge pressure observed

on latest test

PIFL = Fuel inlet pressure observed on
latest test

PBCL = Fuel impeller backcasing pressure
observed on latest test

PDFN

PIFN

Fuel discharge oressurc _,.pe.-_d on
next test

Fuel inlet pressure expectca _n
next test

PBCN = Fuel impeller m_ckcasing pre.-..saL'c
corrected for new inlet co.:,diti,ms

The new orifice aiameter may then oe calculate_

using the re-orilicing equation (paragraph 3-26),

with PBCN = Pi"

3-28, RE-ORII?fCING WITH CHANGES ]IN

TURBOPUMP SPEED. 1t a significant change

in turbopump speed (more than 40 rpm) is an-
ticipated between the latest test and the next

test, the fuel impeller backcasing pressure h"om
the latest test must then be corrected to new

turbopump speed before the re_.orificing equ:t-
tion (paragraph 3-26) can be used. The present
technique uses past component and engine

t.urbopump fuel discharge pressures, fuel
impeller backcasing pressures_ fuei inlet _Jres-

sures, and speed data for the speckle turbo-

pump being re-orificed_ The fuel impe!lez

backcasing pressure for each test should be

correcte(l to the fuel pump inlet o:essure ex-
pected on the next engine test, usmj the- equa-.
tion outlined in paragraph 3-27, '['his corrected
fuel impeller backcasinej pressur¢_ should o_

plotted against the turbopump speed observed
during that test. The resulting curve dete.'-

mines the corrected fuei impeller backcasing
p:essure at the turbopump speed expeetea on
the next test. The resulting value o1 rue!

impeller backcasing pressure determir:es the
new fuel impeller backcasing orifice era.meter
from the equation outlined in paragraph 3-28.

3-29, HEAT EXCHANGER PERFORMANCE

EVALUATION AND PREDICTION.

3-30. Heat exchanger performance is deter-

mined from operational characteristics of the
heat exchanger using data obtained during test-

ing of the heat exchanger. The calculations

Change No. 9 - 4 November 1970 3-25
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"!necessary to determine heat exchanger per-

::ormance are made in a computer program,

which requires data input as listed in figure

data interval of 3.0 to 3.2 seconds duration that _',(F_
starts at or after 20 seconds of engine effec'dve i _/

duration. Output from the program summarizes ii

i 3-29. All listed input is required except for the
LOX coil outlet pressure. Inclusion of the LOX

i coil outlet pressure will enable the nox coil

i resistance to be calculated. Standardized data

I'_are included because they are required data;

_ihowever_ they normally are not changed from

i:the nominal values listed in figure 3-29. Oper-
!_ating aata should be obtained from a performance
!_

heat exchanger operation at site conditions, ;_
determines coil outlet temperatures at standard !_

inlet conditions, predicts coil outlet tempera- i_
tures at the target time of a subsequent test, _:i!i

and calculates the diameter of tile coil bypas il
orifice required to achieve the target coil outlet _
temperature at standard inlet conditions and at ii

the target time of a subsequent ._est.

Ty;_e of Data:;, ,-

i:' Identification Data

t

i.i Test Condition Data

li

!! Operational Data

Standardized Data

Parameter

Name

Engine serial number

Heat excimnger serial number
Test number

Test duration

Ambient pressure
Time of slice start

Turbine exhaust temperature
Sea-level turbine exhaust temperature
LOX coil flowrate

LOX coil inlet temperature
LOX coil outlet temperature

LOX coil outlet pressure (option_%1)
Helium coil flowrate

Helium coil inlet temperature

Helium coil outlet temperature

Anticipated additional operation
time to target time

LOX coil flowrate

LOX coil inlet temperature

LOX coil outlet target temperature

Helium coil flowrafle

Helium coil inlet temperature

Helium coil outlet target temperature

Nominal
Value Units

35

4

-288

470

0.6

-345

255

Secoflds

psi
Seconds

°F

°F

Ib/sec

oF

°F

psia
lb/sec
°F

_F

Seconds

Ib/sec

_F

oF

ib/sec

oF

oF

Figure 3-29. Heat Exchanger Performance Evaluation and Prediction Input Data Requirements
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J

3-31, HEAT EXCI-L_NGER COMPUTER PRO-
GF_M OPTIONS.

3-32. In addition to the performance evalua-
tions and predictions (paragraph 3-30), the

heat exchanger computer program contains the
following optional capabilities:

a, Enables predictions to be based upon

specified bypass ratios rather than bypass ori-
fice diameters.

!
_;iflowmeter nozzle data.
t:

b, Enables heat exchanger performance to
be predicted with specified alternate bypass
orifice diameters.

c. Enables fiowrates to be computed from

d. Enables average performance to be
established from a series of tests.

e. Enables coil outlet temperature data to be
adjusted for instrumentation system lag when
data is obtained during a transient condition.

3-33 through 3-37. (Deleted)

)

All data on pages 3-29 through 3-38, figures3-30 through 3-38 deleted.

Change No. 9 - 4 November 1970 3-27/3-28
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Paragraphs3-40 to 3-43B

3-40. CALCULATIONSINVOLVINGA TYPI-
CAL ENGINE. . ,

3-41. For calculations involving a typical en-
gine, the initial valueswouldbe the sameas
the nominalvalues, as follows:

(_'""k
I

L_

/:i

:i _.
t

L:
,!

il

L,!

: ._j/

FE i =FEN Pai =PaN

PFi = PFN PO i = PON

PFi =PFN PO i =PoN

TFi = TFN

The following- are the calculations used to de-

be nine the thrust of the engine when operated
_,.er the fol!ovzing conditions:

a. Atmospheric pressure = 3.90 psm
}:. Fuel temperature = 75 ° F

u. Fuel ue;,sity = 50.45 ib/cuft

d. Oxidizer density = 70.90 Ib/cuft

e. Fuel pump inlet pressur e = 42.00 psia
f. Oxidizer pump inlet

pressure = 89.55

3.90 - 14.696
= 14.696 (-0.1458) +

(75.00 - 60.00)%-o7o-6 (0.0191)+

(50.45 - 50.45150_4_ • (-0.9434)+

(.70.90 - 71.38,
T1?3-8 ") (2.1345)+

(42.00 - 45.00)T5:_ (-0.0090)+

(89.55 - 65.00)65.00 (0.0544)

F_ - 1,522,000

1,522,000
(-0.7346) (-0.1458)+
( 0.2500)( 0.0191)+
( 0.0 )(-0.9434) +

(-0.0067) (2,1345) +
(-0.0607)( 0.0090)+

( 0.3777)(0.0544)

+0.1187 or +11.87 percent

change

= +0.1187 (1,522,000) + 1,522,000

= +180,700 + 1,522,000 = 1,702,700

The incremental thrust has been found to be _;
[i

180,700 lb for the conditions st_te¢t, yielding a .i!t
final engine thrust of 1,702,700 lb. Propellant [1

densities may be estimated from measured tern- ii
perature and pressure data withthe aid o.t"fig-ures [i{
3-40 and 3-41. Figure 3-40 presents the re!a- [{i

tionship between the temperature and density [i
for a nomirml cut of RP-I fuel. When the density!l

. . __

oI a batch of RP-1 is knov,,u at one temperature, i i

the density at another te:::_i)er.u, "_. can be _ieter- i_i

mined with the slope of the nomm:ti }iP-1 line [I
shown in figure 3-40. The effect of pressure on

the density of RP-I is small and may be ignored
for inlet conditions encountered on d_e engine.

Figure 3-41 presents the relationship between
liquid oxygen temperat.:re, pressure, and den-
sity. Two density-ve_.sus-temperature curves

are presented to show the effect of varying inlet
pressure on oxygen density.

3-42. CALCULATIONS INVOLVING A SPE-

CIFIC ENGINE.

3-43, When the values of actual enshrine param-
eters differ from those used as nominal values

in the table of influence coefficients, the "delta
method" of application of influence coefficients

is used. This procedure consists of computing
an incremental clmnge of variables rather than
a percentage change of these variables. The

incremental change is then applied to the actual
engine value. This effect can be accomplished
by using the equation of the quantities

FE.' Pa.' Fi' P O.' PF.' and PO.'
1 1 i 1 1

which are defined as the actual engine values of
these parameters. All other quantities are as
defined previously.

3-43A. TEST TREND CORRECTIONS.

3-43B. During a testTthe engine exhibits
c.haracteristic trends that may be predicted with
the use of influence coefficients. Nominal and

actual performance values are established during
a time interval of 35-38 seconds of burn time.

Changes occur in turbine operatimual character-

istics resulting from coke deposits on internal
turbine surfaces and thermal expansion in the

turbine assembly. Performance changes are
calculated for burn time using figures 3-41A

and 3-41B. Figure 3-41A presents the per-
centage change in turbine nozzle area as a

Change No. 9 - 4 November 1970 3-41
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47.0 ...... ...... ....
20 0 20 40 60 80 100 120
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FI_I-II4

/' I

67.0

F_gure 3-40. RP-I Fuel Deasity Versus Temperature

-NOMINAL POINT: 71.38 LB/FT 3

AT -298.14°F AND 55 PSIA STATIC

SLOPE: -0.173 L ,/FT3/°F

66.0"

-300 -290 -280 -270

OXIDIZER TEMPERATURE, CF F1-1-115

3-42

Figure 3-41. Oxidizer Density Versus Temperature
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3 ...... m>,L.._. ,, -,: _ ,_,_.i _ ;j!!:Nk'.AZ<F'_,.

:[OF " " " " : < _ t&o ' iJi:s,

(a) :_'''_ __'- _ ,-,__ transducer._,.IS.I_,.. iriOtill,._ C,
(b) _ ,_giu-lre_/uen :y pressure instrumentation must have a range of dc :o ;._ kc _2 o,b

(c) :dount ............. "-_ _:_,Ic_. _ on facilityat pump inlet level within + i foot.

Figure 3-46. Engine Instrumentation Parameters (Sheet 1 of 3)

!uoo 3-u.,Change No. 6 - 14 August "_'_" ......



Section _ R-3_II_.]-i
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(R ;n- ..::.',.,N., _i::;u7 .).

j..

..... :°

',C<;

..... <:

,-j_,

.,.b....... :C.

.. i)

_',.,

}4

X

",{

X

}-2, F.0O =.i.":' k......

O- 2, {"O0 ... OS 7TK3b
--'30,} -2 30 K}%}b

0-500 NHSa

0-2_ 500 ii>2
0-2. 500 il;_
b-3. 600 :" ""<_, t: ....

J- "i - - ;:. '"" "

0- " ,i (:C-',,-,

0- !. 500 C (3 _]:.

0- : 500 .... "" ":

0-i00 .... "C,,
0-200 '." -
0-500 -.: ..2_"

0- i, 500 C ?_-
0-_00 .::-..'-:
0-500 "-k-,., .:

-.(

• _," ..,

][,,,= ; .t-. "C; ,_, _ie_

........... _ r rK.. .... :...

. d _5. -'_

_(- ;: _:r . ....... .L/:::t? _

.,;'._zS_ FF " :_ '" " kt<, •

L._ ,: :'O2 - z

L b} ,>:O::;. / '
i:;LL<;-,_.. . Rke_ ];. ..... ;i

f"qK, ", =<u. I :<,: .....
" E!bov __,_ b'i;-:.t ......

":. . t C :'[C'.tP ., ' ? ,,L'3' < i t, :Y '.

0- l, 000 _.. bu ].-C:3 ::
0-500 ..... C0 7.:-L'_ k.

0-2,000 .... .... C:;i%
', '_ 000

0-2,000 = .-. <,," ': '
-300 _o -250 _:i.00 EL,,:_

Rar_;e

tZ'r_" rms)

0-2,50 PZA!-Y (h)

0-'_ 07 C ZA ] 0-':,_:-(h )
0-707 C ZJ:,_"_-':(-h}
0-250 Pz: 2-{

0-250 PZA3-Z x

•3,; ' . <::...._ :4 _ . :'_s,.: .: c tnstrumentat.to:_ :,.b.s< h_%ve a rmuge o_ dc to LG 1.:,: =,} cb

..(' , .... :Lo: __x"o_ .x_ ...,g MDT0 or ME83 -'.'-_.... "_
,.'- ou.t,ie ;_....,:o,,-'.:,'..' -_ _-" must be ¢"_•: :'"_ _" ,one-inch ' .... h '" " . .•" aupL,, v/hich ;.s <_3:._leCa.S ti, ......... oaoe _li..'._ _e_ 1:o

st_-_ce from n-:s.,.Je wall of component ac pot-_t of thermocouple insertion to t.he.-:_a.co,:t£.o

,,._, "_..:_<; ..........,_..:._=. ::.(.::,e:_'inlet temperature bulb n_us,; _e immersed 0,75 ±0.5 _-.,...o._-,. (Refer to

.'i<':_ t 3. )

- -..; L0.; -.ps !o,v.-- ' .; ,'iicer,
.... S,u._:_r!':ne of _:-:pix.d ho].e is approximately paz-ai!ei to y-axis.

_,_. 0-. L, _:....:.,,,' c_s lov,,-ymss filter,
," h':':;:.:-::si moundns pad.

Figure 3-46. Enzfne Instrumen'_adon Parameters (Sheet 2 of 3)
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,: ...;_ _ !k_N_ P:h21i)2on2c,2"ts ,%r_ iSSued £ron'_

d h_c' ;£(J LnY]o t<., (;onlK,,unic;Tto iw&so].t_nt Rnd

uP'£(n£ ].i£()rltllttiO_.l (;oRcef.lin£ the equil)inent

,:/:,vcrcd in this nw;mu;_.l. Those Supplements

:._,s_:;:_n identi!y}n?£ number :u_d should be

£L'x_.d in this Ap.>2_ndixo

,:2"t_& in this m_tnu_tl and will be incorpor_tted

i£to tiffs marital during _t future updatinz

effo-Pt.

N;is P_r&:2tttt].. 2T;# sr.{{u?: O,f >S:'P <,',:pplOT£:".i% i8

indic:_ted in ,£hc "SuF.pkxn,: _:_. S',t: ;x-/_ co: u-nn.

For ;tctive SuppioL_tnts, :,2o ::.:f:ttu,,, [_ cnR?ro,.i.

For incorpor&tcd Supp!emep.ts, "incorpc)ra[-ed'
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_-n] ,_ [ill _]_DI_OD-_'ii2"_@ ro1_e2-e)ic9 to the Suoo!e-L.' {.d<.....
- , , .-. ]_0,4121e2T_22i:d_e n2_s.c__,]__ext to thc :£R& suiopie--

...... ",,-_ Suppienlents fii4tt h;n.'ebeen h_.c<)r-

po_,..ect into this Lr.m.m_;_;. fLi_.i! ]3o -':-'_' " _-,4

A_ S,appiement Record is issued periodically to

i.ndicate the _,_o+_;..... :of Supoiemenfis_ issued :for

<4 • • '_

iiX -" .I./ h-_':
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ML%.NUAL DATA SUPPLEMENTS

, ...,_i Data Supplements are issued from
_i;,_e to time to communicate important and

u :_ent information concerning the equipment
c :_,,/ered in this manual. These Supplements

tear an identifying number and should be filed

i_ this Appendix.

>i:_nual Data Supplements directly affect the
data in this manual and will be incorporated

into this manual during a future updating
ei_ort.

this manual. The stacks o_ e:_ch _uppien._nt is

indicated in the "Supplement Status" co_unu:.

For active Supplemen_s_ no status is entered.

For incorporated Supplements, "h_.corpora[ed ''

is entered.

Upon receipt of a bm_:_ i D2.ta Supplement,

make an appropriate r_ _erence to _he Supple-

ment in the margin ne>J_to the &_ta supple-

mented. Supplements tha! have bc_}n incor-

porated into this manual .:;h,!ilbe i_.scarded.

A Supplement Record is issded periodically to

indicate the status of Supplements issued for

MANUAL DATA SUPPLEMENT RECORD

'fnis Supplement Record indicates d_e status
of Supplements issued for Technical Manual
R-3896-1 as of the date specified above. Sup-

piements which have been incorporated into

_he manua_ s:u%_1be ren_o_.,cc,fro : ii_eAppc:<][x

and destroyed. This Supplemen_ :%ecord :_:er-

sedes Supplement Record dated i-__une x:_,_..

Su}.:plement
Number Dated De scription

_$- 3896- i-i

L- 3896- I-2

]{..3896-1-3

14 June 1966

30 June 1966

9 June 1971

Changes n_.ethod.s of determining ,.:ew_

exchanger oxidizer and helium bypass

orifice sizes.

Corrects stage condition fuel and ox_zer

inlet pressure requirements for predietL_g

engine start times, and corrects equation

used to predict time from engine control

valve start signal to hypergol _;witch

dropout.

Changes the description of the engine
envelope dimensions and the engine dr?
weight to be compatible with data presented
in section If.

!_c,.:: -.:?orated

L .u:,rpora_zd

Llc('_,?')orateG

Change No. i0 - 16 July 1971 _:_-i/_,-2
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1f-40. CALCULATIONSINVOLVINGATYPi-
CAL ENGINli.

;.-41. For calculations involving a typical en-
::gne, the initial values would be the same as

:.he nominal values, as follows:

FE i = FEN Pa i =PaN

PFi = PF V PO. 1 = PO N

PFi =PFN PO i =PeN

R-3896-I

Parr.{_;rapi s 3-40 to 3-43B

TFi = TFN

The followin_, are the calculations used to de-

termine the thrust of the engine when operated
under the following conditions:

a, Atmospheric pressure = 3.90 psia
0, Fuel temperature = 75 ° F

e. Fuel density = 50.45 !b/cult
d'. Oxidize; _ density = 70.90 ib/cuft

e. Fuel pump inlet pressure = 42.00 psia

f. Oxidizer pump inlet

pressure = 89.55

_%, F .. - 1 522,000,_ ' 3 90- 14. 696
i,!' :!! i_ "= (-0.1458) +
,i:_i_ I, 522,000 14. 696

7 ¸

(75.00 - 60.00)• B-o-o-6• (o.o191)+

(,50.45 - 50.45)
5"0. 4-5 • (-0.9434) +

(70, 90 - 71.38,
7-1-3-8 ') (2. 1345) +

(42. oo - 45. oo)45. oo (-o. 0090) +

(,89.55 - 65.00)65: 0-O (0, 0544)

FE - 1,522,000

1,522, ooo
= (-0,7346) (-0. 1458) +

( o. 25oo) ( o. 0191) +
( 0.0 ) (-0. 9434) +

(-0. 0067) ( 2, 1345) +
(-0. 0667) ( 0. 0090) +

( 0. 3777) (0.0544)

= +0. 1187 or +II.87 percent
change

F E = +0. 1187 (1,522,000) + 1,522,000

= +180,700 + 1,522,000 = 1,702,700

Tile increrAentai thrus_ i_:%_ '-_ee._ _c.,'.,:_9, [o b<:

180,700 lt_ for the conciitions sLccci yieh:hq_( a
final engi.qe th:ust of 1:]02,700 io. Pro!_eilant
densities may be estimaced f:om measured tem-

perature a.ud pressure dak_ t_ iti', the aid of i.oui"i,,-, -_s-,
3-40 and 3-41. Figure 3-40 presents the rela-

tionship between the temperature and density
for a nominal cut of RP-1 fuel, When the density

of a batch of RP-1 is known at <;hetemperature;

d_e density at another temperature can be deter-
n;i,aed \vit.q the slope of the muuin,_l RP-I line

showr, in figure 3-40. The effect of pressure on

.1_2 densh-y of RP-1 is small and ni_<; be ignored
f(u- inlet conditions encountered on _i_:, engine.

Figure- :!:'-'_1 presents the reMtioi_s!,h_ between
liquid oxTgen temperature., pressu:'e_ amt den-
sity. Two density-versus-tempe,-ac.,;.e curves

are presented to shc,,v ,;,e effect of varying inlet

pressure on oxygen density.

3-42. CALCULATIONS iNVGLVfA:GA SPE-

CIFIC ENGINE.

3-43. When tile values ot actual engine param-
eters dif-cr from those umcd as nominal v.cmes

in the ta_/.e of iIffluence ,coefficients, the "delta
method _'of application c f infh_enc.(, coefficients

is used. This procedure ..'.onsists cf computing
an incremenk_l elmnge of vttri:d)_e;-. rather than
a percentage change of these vari_,Di.es. The

incremental change is then :-pplicc. to the actual
engine value. This effect can be ;_ceomplished
by using the equation of the quantities

FE.' Pa.' Fi' PO.' PF.' and PO.'
I 1 1 i 1

which are defined as the actual engzne values of

these parameters. All other quantities are as
defined previously.

3-43A. TEST TREND CORRECTIONS.

3-43B. During a test_the engine exidbits
characteristic trends that :nay be predicted with
the use of influence coefficients. Nominal and

actual performance values are established during
a time interval of 35-38 seconds of burn time.

Changes occur in turbine operational character-

istics resulting from. coke deposits on internal

turbine assembly. Performance changes are
calculated for burn time using figures 3-41A and
3-41B for engines F-2029 through F-2065 and _il
figures 3-44 and 3-44A for engines F-2066 and t'J4

subsequent. Figures 3-41A and 3-44 present the
percentage change in turbine nozzle area as a

Change No. 12 - 12 May 1972 3-41
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Figure 3-41. Oxidizer Density Versus Temperature
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Faragraphs 3--:_ _o 3-47

"t

t

J

.... J_

furc_ion of burn time, and figures 3-41B and
3-4_A present the percentage change in

turbine efficiency ratio as a function of burn
time. Performance parameters for burn

time are adjusted by obtaining the percentage
changes expected at the burn time of interest.

These percentage changes and the parameter
influence coefficients are then multiplied to

determine the net percentage change in the per-
formance parameter of interest. In the follow-

n_g example, tl_e thrust of the engine operated
under the conditions specified in paragraph
3-41A is adjusted to a 90-second burn time.

In figure 3-41A the percentage change in turbine
nozzle area at 90 seconds is -3.0 percent. In

figure 3-41B the percentage change in turbine
efficiency ratio at 90 seconds is -0.25 percent.
Therefore, using influence coefficients (figure

3-39),

F E - 1,702,700

1,522,000

(-0.0300) (0.0972)
-- (-0.0025) (1.1725) +

= -0.00585

F E = (-0.00585) (1,522,000) + 1,702,700

= -8,904 + 1,702,700

= 1,693,796 Ib

Figures 3-41C and 3-44B present thrust differ-

ential (based on a predicted performance value

from a data slice between 35 and 38 seconds

flighttime at sea-level and turbopump inlet
standard conditions) versus burn time when the

performance values are adjusted using influence

coefficients from column 11 and 12 of figures

3-39 or 3-43 and turbine nozzle area and turbine

efficiency ratio changes from figures 3-41A and

3-41B or 3-44 and 3-44A.

3-44. NONLINEAR CORRECTIONS

3-45. A special computational procedure has
been devised to extend the usefulness of engine
influence coefficient. This technique is used to
allow nonlinear corrections to be made for pa-
rameters where the linear approximation is not

sufficiently accurate. An example of this method
is the C* (characteristic velocity) correction. In
this case, a plot of C'correction versus the

change in engine mixture ratio is included in ad-
dition to the table of influence coefficients. A

plot of these parameters for the engine is shown
in figures 3-42 and 3-44C. The change in engine

mixture ratio is computed for the changes in
atmospheric pressure, propellant densities,

etc, and with the assumption that the C*

correction is zero. Wi_h d_is chaug_: :n engine

mixture ratio, tile C* correction i,<:,r,':ad from
the curve. This value of C* correcifon is used

with the other independent variables to recom-

pure the engine mixture ratio, which yields a
new value of C* correction. The mixture ratio

is then recomputed using the last value of C*
correction. This iterative process is continued

until the computed mixture ratio ceases to change
between two iterations, i':._ co_-:e:?,o_dh_
value of C* correctio,'" is then used ,vuh tile other

independent variables _o con_.putethe _.an:,es"_....." •in

the remaining dependent variables. For example,

if the final iteration change in en_h_e mixture

ratio accompanying the Ii. ST-percent thrus'_

change illtilepreceding example were -5 percent,

then the C* correction from fit4_:'e3-42 is 0o I0

percent. Therefore, the true change in en[_ine

thrust is F E= Iio 87 + i,1319 (-0. i0)= +iio76
percent.

3-46. COMPONENT REPLACEMENT EFFECTS
ON ENGINE PERFORMANCE AT SEA LEVEL.

3-47. Component replacement effects on en-

gine performance at sea level are in R-3896-II.
The deviations presented are the maximum
expected effects on sea-level engine thrust,

mixture ratio, and specific impulse when the
listed components, are replaced, and are ap-

plicable to engines as noted. The following pro-
cedure is to be used for deternuning the max-
imum expected performance deviations for indi-

vidual engines.

a. The deviations listed in R-3896-11, cor-

responding to hardware replaced on the engine,
are to be tabulated and included with the Engine

Log Book. This tabulation is necessary for
future reference and continuous updating when
additional replacements are made.

b. The combination of deviations due to the

replacement of each individual component de-
termines the expected maximum performance

deviation. The combination is accomplished by
calculating the square root of the sum of the
squares of the deviations listed in R-3896-II,
corresponding to each component replaced.
Components replaced a second time are treated

as a single replacement of the item. (No addi-
tional variation is added besides the variation

for the component being replaced a second
time. ) An example is shown in figure 3-45.

Change No. 12 - 12 May 1972 3-43
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I

Fi-i-II6A

Figure 3-41A. Turbine Nozzle Area Change Versus Burn Time (Engines F-2029Through F-2065)
t
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Figure 3-41B. Turbine Efficiency Ratio Curve Change Versus Burn Time
(Engines F-2029'Fnrough F-2065)
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Par:_gr.lph_; ",-<_ to 3-4'7

.jJ

function of burn time, and fig-ure 3-41B presents

the percentage change in turbine efficiency ratio
as a function of burn time° Performance param-

eters for burn time are adjusted by obtaining

from figures 3-41A and 3-41B the percentage

changes expected at the burn time of interest.

Tl_ese percentage changes and the parameter
influence coefficients are then multiplied to

de'ermine the net percentage change In the per-
:"uunance parameter of interest. In the follow-

m),; example, the thrust of the engine operated
u.t:{.:.r the conditions specified in paragraph

3-41A is adjusted to a 90-second burn time.
!ri figure 3-41A the percentage change in turbine
n:,zzle area at 90 seconds is -3.0 percent. In

.i{f_,re 3-41B the percentage change in turbine
efficiency ratio at 50 seconds is -0.25 percent.

'!?herefore, using influence coefficients (figure

3-39),

F E - 1,702,700

1,522,000

(-0.0300) (0.0972)

: (-0. 0025) (1. 1725) +

= -0.00585

FE = (-0.00585)(1,522,000) + 1,702,700

= -8,904 + 1,702,700

= 1,693,796 Ib

Figure 3-41C presents thrust differential (based
i:tl

_,,on a predicted performance value from a data
<
[_ slice between 35 and 38 seconds flight time at
; sea-level and turbopump inlet standard condi-
i;i tions) versus burn time when the performance

il values are adjusted using influence coefficients
,from column !I and 12 of figure 3-39 and turbine

_ nozzle area and turbine efficiency ratio changesfrom figures 3-41A and 3-41B.

correction is ze:.'o. \Vid _,"_"; "• .:.b ch:v.':'.C _11 P_:",_;!O

mixture ratio, the C* c,,:)iu'ection i:: re.,:_ !:. ;_:_
the curve. _XIIIS value of C'_'corroct!<;n :::. ;',:,ud

with the other independent v.%riablcs to _,,,,r_

pute the engine mixture ratio: which _ h,R. x
new value of C* correction. The mix_uz'o :-ath)

is then recomputed using the last value oi C"
correction. This iterative process is c,,p, tinu{,d

until the computed mixture i'a[h) cease _ [o _'h:_:_:_e
between tTvo lterat.,,; .... The , ...,.,.....,, :,, .... ,
wziue of C* correction is _?..en _:sed wi:h _h,, otiuu"

independent variables to c oml,ute ihe '...b..._,.. ;.._-'.h _,
the remaining dependent vai-i::b!es. Fo: ,:x:::nple,
if the final iteration change in engine mixt:n'e
..... t.'_o accompanying the 1 i. b"-.....-.)ei c e:,-' ::i_:'us'i
ciam,.:'e in the "- :e --preceai_ b e;<_{nlp Y..e:c: _,[)orccn_,,
"{henthe C* correction from ,Ibu_<,.......3-42 ;<,_,d, I0

percent. Therefore, the true change ii, engine
thrust is F_=Ii_87+I_1319 (-0.10)= _-ii., 76

P,
percent.

3-46. COMPONENT REPIJ.CEME_\T EFFECTS

ON ENGINE PERFORMANCE AT SEA LEVEL.

3-47. Component reptac,:n_ent effects ou e_i-

gine performance at sea i.:r,.,.el are in R-3336-I1.
The deviations presented a--e the m:;.xJ m,.Im
expected effects on sea-_c:;:_ engl,._e thr_:__t,
mixture r_.tio, and specific impui;_e when the

listed components are rcp!:.ced, ar:<t ar_ ap-
plicable to engines as no,ca. The _oi:owim7 pro-
cedure is to be used for determining [ae m_.tx-

imum expected performance deviations for indi-

vidual engines.

a. The deviations listed in R-3.< 6-ii, cor-

responding to hardware replaced ::, !.he engine,
are to be tabulated and included w!tl, d_e Engine

Log Book. This tabulation is nece.:::sary for
future reference and continuous updating when

additional replacements are made.

/r_. X

_-44. NONLINEAR CORRECTIONS.

3-45. A special computational procedure has
Leen devised to extend the usefulness of engine
influence coefficient. This technique is used to

.allow nonlinear corrections to be made for pa-

rameters where the linear approximation is not
sufficiently accurate. An example of this method
is the C* (characteristic velocity) correction.

in this case, a piot of C* correction versus the

change in engine mixture ratio is included in
addition to the table of influence coefficients.

A plot of these parameters for the engine is
shown in figmre 3-42. The change in engine
mixture ratio is computed for the changes in

atmospheric pressure, propellant densities,

etc, and with the assumption that the C*

b. The combilmtion of deviations .:<_e to the

replacement of each individual componen[ de-
termines the expected maximum perforn_ance
deviation. The combination is accomplished by

calculating the square root of the sum. oJ the
squares of the deviations listed in R-389_ .II_

corresponding to each component replac, <_.
Components replaced a second time are treated
as a single replacement of the item. (No addi-
tional variation is added besides the variation

for the component being replaced a second
time. ) An example is shown in figure 3-'i5,
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Section III R-3896-1

" THE FOLLOWING PERCENTAGE CHANGE IN ANY ONE OF THE DEPENDENT VARIABLES.

-INDEPENDENT VARIABLES-

I- ATMOSPHERIC PRES .............. 0. 14700E

2- FUEL DENSITY (CONSTANT TEMP) ... 0. 10000E
3- FUEL TEMP (CONSTANT DENSITY) ... 0.60000E
4- OXIDIZER DENSITY ............... 0. 10000E

02

01
02

01

5- FUEL PUMP INLET PRES ........
6-OXIDE PUMP INLET PRES .......

7- C* CORRECTION ..............
8- ACCELERATION ...............

-DEPENDENT VAR_BLES-

I- 2- 3- 4- 5-

ENGINE THRUST .................. 0. 15220E 07
-0. 1464

ENGINE SPECIFIC IMPULSE .......... 0.26534E 03

-0. 1464
ENGINE MIXTURE RATIO ............ 0.22698E 01

-0. 0000

ENGINE FUEL FLOW ............... 0.17543E 04

0.0

ENGINE OXIDIZER FLOW ............ 0.39818E 04

-0. 0000

TC INJECTOR END PRES ............ 0.11248E 04

0.0
TC C* ACTUAL ................... 0. 54514E 04

0.0000

GIMBAL SUPPLY PRESSURE .......... 0. 18383E 04

-0. 0000

GG FUEL FLOW ............... .... 0.11795E 03

-0. 0000

GG OXIDE FLOW .................. 0.49045E 02

0.0000

TURBINE SPEED .................. 0. 54922E 04
-0. 0000

TURBINE EXIT STATIC PRES .......... 0. 58273E 02
0. 0000

EXHAUST NOZZLE TOTAL PRES ....... 0.46852E 02
0.0

TURBINE MAINFOLD TEMPERATURE .... 0. 15560E 04
0.0

-0. 9062 0. 0184

-0. 1391 0.0027

- 1.5206 - 0. 0064

0.2885 0.0201

-1.2321 0.0137

-0. 6926 0.0164

0. 0989 0. 0007

-0. 5947 0.0259

0.4077 0. 0159

-0.8182 0.0060

-0.7865 0.0111

-0. 6503 0. 0209

-0.4888 0.0191

-2. 8035 0. 0323

2. 0994 -0. 0083

0.3076 -0.0013

1. 5094 -0.0201

0. 7440 0. 0069

2.2534 -0.0131

1. 7325 -0. 0059

-0. 0840 0.0014

1. 6450 0. 0017

0.6122 0. 0073

1. 8232 -0. 0079

0.8233 -0.0080

1. 6968 -0. 0059

1. 5281 -0. 0039

2. 9285 -0. 0345

-4

t

I

q

Figure 3-43. Engine Influence Coefficients Predicted) (Engines F-2066 and Subt_equent)
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0.45000E 02

0.65000E 02

0. 10000E 01

0. 10000E 01

9- MAIN FUEL ORIFICE RESISTANCE ....

I0- GG OXIDIZER ORIFICE RESISTANCE . . .
II- TURBINE INLET NOZZLE AREA .....
12- TURBINE EFFICIENCY MULTIPLIER . . .

7- 8- 9- I0- II- 12-

45

80

37

32

69

54

18

59

07

55

34

29

93

12

1. 1781

1. 1544

-0.0571

0.0633

0. 0062

1. 0285

1.0167

0.6604

0.3862

O. 5027

0.2837

0.4931

0.4739

0.3329

0.0013

0.0002

0.0007

0.0007

0.0013

0.0011

-0.0000

0.0012

O. 0007

O. 0013

O. 0007

O. 0012

O. 0012

0.0015

-0.0264 20.2549 0.1254 1. 2273

-0.0053 --0.0368 0.0083 0.1749

0.0690 -0.0085 -0.0076 0.0232

--0.0689 -0.2121 0.1224 1. 0362

0.0001 -0.2206 0. 1148 1. 0595

-0.0278 -0.2219 0. 1088 1. 0675

-0.0058 -0.0029 0.0010 0.0130

0.0149 -0.3047 0.1466 1.4607

0.0215 -0.1348 0.3911 0.9308

-0.0124 -0.3093 0. 5187 0.9709

-0.0076 -0.1672 0.0841 0.8051

-0.0081 -0.2904 0.5112 0.8618

-0.0037 -0.2657 0.4995 0.8543

-0.0760 -0.4290 0.2032 0.1301

0.31342E -02
0.77156E 01
0.17023E 02

0.10000E 01

/
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Figure 3-41A. Turbine Nozzle Area Change Versus Burn Time
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Figure 3-41B. Turbine Efficiency Ratio Curve Change Versus Burn Time
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Figure 3-44. Turbine Nozzle Area Change Versus Burn Time (Engines F-2066 and Subsequent)

J

0.4-

0.2

0.0-

U

-0.2

-0.4-

l--k-
20 40 60 80 I00

BURN TIME, SECONDS

120 140 160

FI-I-124

Figure 3-44A. Turbine Efficiency Ratio Curve Change Versus Burn Time

(Engines F-2066 and Subsequent)
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C_

o

gq

ENGINE XXXX COMPONENT REPLACEMENT LOG

Component

No. 1 Fuel Valve 0.9

M_xture Ratio Deviation

0.017

No. 1 Turbopump
o Fuel Outlet Line

_O

I

Expected Maxdmum
Deviation as of

o (Date 1)(d)
tO

g No. 1 Turbopump
u Oxidizer Outlet
_ Line
O

Expected Maximum
Deviation as of

(Date2)(e)

No. 1 Turbopump
Fuel (>atlet Line

Thrust Chamber

Injector

Expected Maximum
Deviation as of

(Date 3)(0

0.3

I/(0, 9)2+(0.3) 2

=0.9

7.1

(l_O. 9)2+(0. 3)2+(7.1) 2

=7.2

0.3

6.5

Y_(o_ 9)2+(0.3)2+(7.1)2+(6.5) 2

=9.7

O.007

017)2+(0. 007) 2

= 0.018

0.010

V(o.017)2+(0.007)2+(0.Ol0)2

= 0.021

0.007

0. 029

V_07017)2+(0.007)2+(0. 010)2+(0. 029) 2

= 0.036

Specific Impulse Deviation

O. 14

0.05

14)2,(o.05)2

=0.15

O. 14

V(O. 14)2+(0.05)2+(0.14) 2

=0.20

0.05

0.33

%/(0.14)2+(0.05)2+(0.14)2+(0.33) 2

= 0.39

O_

0

e_

I

¢.D

I

r(d) First component eplacem_ since delivery (Date I).

(e) Additional component replaced o<, (D_'..te 2).

(f) %_rbopump fuel outlet line l<_o, _ i _'_'_#ed _,_:moud time, also main injector changed on (Date 3),

Figure 3-.45. Example of Calculations Required to Deterrni_e Deviations
in Engi,w Per'forma:._ce Due to Component Replacement

All data on pages 3-47 through 3.-='_,-:, ,!cqe#ed,....
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_.hUnpODC.T!_

|_cphtcenlen_

X.u I lhlelValve

i\, I ]kn'bopump

!,'v_'lOutlet Line

_, t<_pected Maximum
... D,,viation as of

:_ (Date 1)(d)
<

:R

_ No. 1 Turbopump
_ Oxidizer Outlet
c_ Lille
-.]

o

Expected Maximum
Deviation as of

(D_.te 2)(e)

No. 1 Turbopump
Fuel Outlet Line

Thrust Chamber

Injector

Expected Maximum
Deviation as of

(Date 3)(f)

,_O_vl._ C.: -,:...... REI_LACEB'!I: N'; LOGEIqGINE XXXX _' _ '- _ "'-'r'N" _.

Th!':i s _ L}ev_ k_tlO;

0.9

0.3

¢&;:,<;(ol3T
=0.9

7.1

(V_o.9)<(0.3)2+(7.1)2

=-7,2

0, 3

6.5

V(o.9)<(0.3)2÷c_°2 ,_i) +(6_ '_:'_

=-9.7

i_k:xtur_. P_atioDe.viation

0.017

Specific hnpulse Deviation

0.14

0, 00'g

_/(0. o17)2+(0,007) 2

= 0.018

0.010

017)2+(0. 007)2+(0. 010) 2

=0.021

0.0O7

0. 029

t_ o17)2+(o.007)<(o.OlC:,__¢o.o2._ii

= 0.036

=0.15

O. 14

G. 14)2+(0.05)2+(0. 14) 2

=--0.20

0.05

0.33

V (0.14)2+(0.05)2+(0. I4)2+(0. 33)

=0.39

o_

©

!

O_

cad

!

(d) First component replace_.ne'. ' :Jnec c__Jh cry (Date 1).
._'CI_L_( t:Q on(e) Additional component ...... (Dai:e 2)°

(f) Turbopump fue]. outlet Iinc No, 1 replaced second time, also main injector changed on (Date 3).

Figure 3-45 _ ............ '" " _ " _ ....._,._.:..,,._...... _ C.:-:,:cu_a,J_._ Required to Determine Deviations
in Engine Per'hnnmncr, Du,_ to Component Replacement

All data on pages 3-47 through 3-54 deleted.
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• SectionIII : :R-3896-11 ; ::: " : ::: ? ; : :=:: ;,: _ -i-: ::

:- : A-ONE-PERCENT IN'CREASE IN-ANY ONE'.OF.THE.INDEPENDEI_To__V__.__L_E_S_¢_A__S.ES_. ..... _-_-_A:.=_. i_._:.

THE FOLLOWING PERCENTAGE CHANGE IN ANY ONE OF THE DEPENDENT VARIABLES.

I
• . . : 3 . :

.INDEPENDENT VARIABLES- _!

1- ATMOSPHERIC PRES. . . ........... 0. 14696E 02

2- FUEL DENSITY (CONSTANT TEMP) ..... 0. 50450E 02

3- FUEL TEMP (CONSTANT DENSITY) ..... 0. 60000E 02
4- OXIDIZER DENSITY ............... 0.71380E 02
5- FUEL PUMP INLET PRES .- .......... 0.45000E 02

-DEPENDENT VARIABLES-

6- OXIDE PUMP INLET PRES .....

7- C* CORRECTION .............

8- ACCELERATION ............
9-MAIN FUEL ORIFICE RESISTANC:

10- GG OXIDIZER ORIFICE RESISTAN

2- 3- 4- 5-

ENGINE THRUST .................... 0. 15220E 07
-0. 1458

ENGINE SPECIFIC IMPULSE ............ 0.26536E 03
-0. 1458

ENGINE MIXTURE RATIO .............. 0. 2270!E 01
-0. 0000

ENGINE FUEL FLOW ................. 0.17537E 04
0.0

ENGINE OXIDIZER FLOW .............. 0.39812E 04
-0. 0000

TC INJECTOR END PRESSURE .......... 0. 11227E 04
0. 0000

TC C* ACTUAL .................... 0.54464E 04
0. 0000

GIMBAL SUPPLY PRESSURE ........... 0. 18260E 04
-0. 0000

GG FUEL FLOW .................... 0. 12056E 03
0. 0000

GG OXIDIZER FLOW ................. 0. 50199E 02
0. 0000

TURBINE SPEED .................... 0. 54884E 04
-0. 0000

TURBINE EXIT STATIC PRES ........... 0. 57121E 02
0. 0000

EXHAUST NOZZLE TOTAL PRES ........ 0. 48056E 02
-0.0000

TURBINE MANIFOLD TEMPERATURE ..... 0. 15600E 04
0. 0000

-0. 9434 0. 0191 2. 1345 -0. 0090

-0. 1427 0.0028 0.3103 -0.0014

-1.5589 -0.0067 1.5469 -0.0217

0.2815 0.0209 0.7503 0.0074

-1.2774 0.0142 2.2972 -0.0143

-0.7232 0.0171 1.6718 -0.0065

0. 1029 0. 0007 -0. 0879 -0. 0015

-0. 6190 0. 0269 1. 6679 0. 0017

0. 3877 0. 0163 0. 6319 0. 0074

-0. 8460 0. 0067 1. 8511 -0. 0086

-0. 8006 0. 0115 0. 8370 -0. 0085

-0. 6500 0. 0213 1. 6941 -0. 006]

-0. 5132 0. 0197 1. 5515 -0. 9043

-2. 8169 0. 0328 2. 9374 -0. 0362

Figxlre 3-39. Engine Influence Coefficients (Predicted) (Engines F-2029 through F--2066)

19 ,_

¢



.0.65000E 02
• 0. 10000E 01

. 0. 10000E 01

.0.34053E 02

.0.80234E 01

11- TURBINE NOZZLE AREA ......... 0. 17000E 02
12- TURBINE EFFICIENCY RATIO ...... 0. 10000E 01

7- 8- 9- I0- II- 12-

3544 1,1319

3079 1.1470

9348 -0.0607

0223 0.0270

0571 -0.0338

0452 0.9889

0019 1.0165

0451 0.6101

0203 0.3555

0450 0.4620

0230 0.2638

0419 0.4510

0389 0.4364

0609 0.3019

0.0014 -0.0286 -0:2741 0.0972 1.1725

0.0002 -0.0059 -0.0395 0.0042 0.1669

0.0007 0.0807 -0.0094 -0.0089 0.0225

0.0007 -0.0788 -0.2281 0.0992 0.9900

0.0014 0.0019 -0.2375 0.0902 1.0124

0.0011 -0.0305 -0.2387 0.0843 1.0204

-0.0000 -0.0068 -0.0031 0.0007 0.0124

0.0012 0.0135 -0.3271 0.1132 1.3934

0.0007 0.0194 -0,1464 0.3648 0.9301

0.0013 -0.0130 -0.3316 0.4805 0.9189

0.0007 -0.0077 -0.1780 0.064'7 0.7609

0.0012 -0.0081 -0.3073 0.4725 0.8174

0.0012 -0.0046 -0.2853 0.4641 0.8118

0.0016 -0.0724 -0.4540 0.1736 0.1155

: /
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I

i:_ Paragraphs 3-16 to 3-i7

3-16. ENGINE STOP CHARACTERISTICS. second [Parameter

I 3-17. Engine stop characteristics (figures

_ _ 3-27 through 3-28A) are presented as nominal
values. Refer to R-3896-11 for minimum and

maximum values.

Valve

Engine Control

Valve Closing
Signal to:

Switch Potentiometer
Times, , Times, ,

(Seconds) taJ (Seconds) [a)

0.035Gas generator
ball valve starts

to close

0.090Gas generator
ball valve

closing time

Engine Control Valve Closing

Signal to:

Thrust chamber pressure
leaves 100%

Thrust chamber pressure
decays to 90%

Thrust chamber pressure
decays to 10%

Thrust chamber pressure

decays to zero

0.074

0.118

0.573

1.864

Figure 3-28. Nominal Thrust Decay Time

From Engine Control Valve Closing Signal

Parameter Value

Maximum thrust decrease 448,000 lb
for 0. 075-second interval

Cutoff impulse 464,000 lb/sec

Figure 3-28A. Nominal Thrust Decay
and Cutoff Impulse

Oxidizer valve 0. 120 0.030

starts to close

Oxidizer valve 0.325 0.540

-losing time

Fuel valve starts 0.115 0.030
to close

Fuel valve 0.930 1. 130

closing time

(a) Values are based on S-IC stage

application.

Figure 3-27. Nominal Cutoff Times From

Engine Control Valve Stop Signal

[,

3--2z Cb>._-,_ge .Noo .1.0 -. .1{.__.l-_..,., .!..9'7:i
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.__, METHO!,'S FOR PREDICTING E)<_,.:_.,.<
A _DkBLE C;_ARACTERIST!CS.

:i.--2 i. Methoc_:; for predicting engine variable

cr:_.racteristics include engine start time prc-
c!,.:tions, fuel pump impeller backcasing pres-
sure re-orffidng techniques, and methods of

<:lctermining heat exchanger oxidizer and helium

;Upass orifice sizes. -.

"_, 22. ENGI/'_E START TIME PREDICTIONS

EERENCIiD TO ENGIhT CONTROL VALVE

C,-ZNING StGI';AL AN_D BASED ON STAGE

.,, ]_ PLICATION).

:: "23. Three methods are presented to predict
_:.. ;h_e start ti:;_e for any engine installed in the

)..5:..'FHOD 1. This method may be used to pre-
,. :,-_ the engine start time from engine co_n_'ol

• -dye start sic:m: to hypergol switch dropout ff
m,_ engine t-as been operated under the following
acceptance-test conditions and will be operated
under the following conditions:

Oxidizer Pump Fuel l>amp
inlet Pressure Inlet Pressure

112±10 psig 70±i0 psig;<ccopr.ange-

Test Conditions

Stage Condition 80 psia 45 psia
f-

tp = [-7.087 X 10-2(t) + 12.146 X 10 -5

- 4.2191XI0 -6 (PI)2 + 0.14432](PIF) (t ) J

_112 - Pi ) + [5. 53068 X 10 -4 (PI)(t)

-0.114259j (70- PI_ + 2.105t- 1.026

.... Predicted time from engine control
i_

valve start signal to hypergol switch
dropout for stage test (seconds)

Acceptance fiest time from engine
control valve start signal to hypergol
switch dropout (seconds)

PIe
= Pre-start oxidizer pump inlet, pres-

sure during acceptance test (psig)

PIF = Pre-start fuel pump inlet pressure
during acceptance test (psig)

/vIETHOD 2. This method may be used to pre-

dict engine start time from engine control valve

start s ig-p.,%l [o _:']._,,....._.."c,_,:sv,itch d:._.,.;..:u_ ii[ tit("
eni<ine has been .:_p._.i'at<,d witk ::::; :_r.'-st:_ _'t
i:_let pressures o:n_:: _ _i'an ii-osc sp<<'i.:(),vi "n
Method 1, and will by c,l,e.'.'_.ted un,,:ic<" ::c fc_iiow-

i::g stage conditions: (if [h},3 ca],cu?:_,,:p i:_,_:o-
grammed, use "doub:,'e precision" b(-i;m::<: of
the high exponents involvc, d.)

Oxidizer Pamp Fc_l ?t,u<_
• Inlet _>'c, .......... r ,.... _ x .,bb_i¢ c al'.' t) r _)Ft'2;';ill':2

Acceptance- P
Test Conditions 10 :d'

+K 4 (Pi_) 4 + K 5 (Pig 5

+ K7 .--------,.(PIF) 2

(pi_)

KI=

K2=

K 3 :

I%=
K 5 =

K 6 =

K 7 = -0. 54861973

K 8 = 0.26750823

tp

)5 / :_ \
4- iN.r:. '_=_

\ _,3/

-!
-0. 34145221 x lO _

-2
-0.3431.6603 >, i0

0. 48888479 x !0

0. 10884867 x i0 -7

-0.43755169 x 10 "10

0. 82104817

x 105

x i0

Predicted time from engine com:'oi
valve start sigr_al to hypergol .... _" ":'

' /. , s
dropout for stage test tseconas,

PIF

= Acceptance test time from er'gi_._:

control valve start signal to hyper{.5oi
switch dropout (s !_conds) a.t inlet c_n.-

ditions of PI_ b and n_IF (psig)

= Pre-start oxidizer pump inlet pres-
sure during acceptance test (psig)

= Pre-start fuel pump inlet pressure
during acceptance test (psig)

= Function of

3-23
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Paragraph 3-24

R-3896-1

• ,._:.IH<D o. 'Fh>smethod may be used topre-

.ct engine start time from engine control valve
.'<

....,.{iart s_::;':'al to hypergol switch dropout ff the
e_igine will be operated at stage conditions other

than an oxidizer pump inlet pressure of 80psia
and a fuel pump inlet pressure of 45 psia. (If
this calculation is programmed, use "double
precision" because of the Mgh exponents
involved. )

Oxidizer l_i:_it, Fuei Pump
uliet _)I'(_S.Stll't _l[:]t Pl'L_ssure

•CCept_nce- P...

Test Con._liti< ns =9
_ tF

Stage C_ litton:-: "f"_ "P_IF

a. _ ve ior a .:...... ...I,_.;.<._<. <-me ,.

engine :'_,:,-roi valv (_.<;,,.:_rts_._fnalto hypergol

switch i, ) :,ou_msln 4 "h_(_foKowing equations:

t = •

-IF

+ ]%"

9

71---) + 'h
,:¢,.--/ (i': 4 )

iF + 250)2
+K.

' (PIe) s

2x_

/ ;, . at;

o

:A =
6

" __Ik %"-,i, ' i5.L_;' = :<i <PI _,_) + K2 ( F ) +K8

'\ \ 4

Pi4_ + i<, ''_ )5

2.

= -0.34146221 x 10 -1

= -0.34316605 x 10 -2

0.48888479 x i0

-7
0. I08<_4S67 x 10

-i0
-0.43755169 x t0

0.82104817

-0.54861973 x 10 5

O. 2670_ozo x i0

Desired pre-start oxidizer pump
inlet press_re (psig)

Desired pre-startfuel pump inlet

pressure (psi_

Function of

b. Solve for ';predicted time (to) from c_G]::c
co_.troi vah;e s_art si.,_;nai to hvp_tr:<ol switch
ciropout using the following equation:

!b = (t) i

• , pzF) : K! (eM" ) +

_p

t =

T

PIF

+ K... _¢a (P )"

/ o "\2, ' ' 2J' "_
+ K ..{.... .z:_. :

9
/T" d. ") Jf_\

,, t-,i F -,_)

,,3

(:i':r:_
-- iC_.-r--" ........ .-

i 1%

_,i2 : -0.11_ .,,, ' " :,:

44,,(,,:,c-" _'t XK.. = 0. : .......... ' ]O
O -7

-,r = O. ]035<,L_(i7 >: 1.0 '
"4 --,,IO

a ,- ,v ;r _, -. :',:x_ = -0.,io_a_.,,.6,:: _0
a

i'i6 = 0 8¢' '-"_;_17

_J,-r T : -0. O-_t},,._ • ,, . .,_

x_ :: 0 9""c ,. ._c,, Jvo=-. :,: _(_
b

Predicted time ,c,....o,,_ 0;'4<. _ c,':.,:r ,

valve start st,real,,_c,,_o '.D:p'c:.d<,_ !_v..Si.(i_
a, opou_ for stage test (s¢ : :.u,cis)

.Acceptance te:,:t time :h':;'_. engh_.<;
control valve start sign:-:.i :o hy_)e_ [.:oi
switch d, op.o_:_ [seconc_:;, at in!e;; con-

ditions of Pl,fi. a-,".....-O.F {_)s_._:)

Standardized tiu'_.e :::.'c:,:, .: ::_n',e c.:t ,.]

valve start sig,_.a_ to n.,yc.t'.<<;1 sv,,_ ;:h
dropout (seconds) caieu" .i:<:_ain _-: ,,. :

P_'e-stare oxidizer sums, _-"_'

•sure during accept.ance ::es£ (se:<r,.._-;

Pre-start fuel put:..) inlet pres_mr."
during , _ ' , ""accept-an_,; :.est <sectmasi

= Function of

3-24. 2-ffter the ,predicted time froi< engine co,.>
trol valve start signal to hypergol switch !top-

out has been calculated by Method i, 2, or i,
the predicted stage time from engin_ centre'.
valve start sigmal to 90 percent (t, 3701,0 of

rated thrust may be calculated. In the stage,
the predicted time from hypergoi swkch

"v_L.
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dropoutto i00 psig chamber pressure is 0.425
second.

Predicted time from

engine control valve

start signal to 90

percent thrust

=tp + I. i00 seconds

tp Predicted time from engine control

valve start signal to hypergol switch
dropout.

3-26. FUEL _ CIMP IMPELLERBACKCASING

PRESSURE RE-ORIFICING TECHNIQUE.

S--Z6. RE-ORIFICiNG WITH NO CHANGE IN
FUEL PUMP OPERATING CONDITIONS. If

"he fuel pump inlet pressures and speed are not
t:: be changed _etween the latest test and the

::ext test, use the following equation to re-
orffice the bala_ce cavity supply line to target
for fuel impeller backcasing pressure of 250

psig:

_0. Pl 2
D 2 = 15634 - 159----9+ D1

D 1 = Supply orifice diameter from latest
test

Pl = Fuel impeller backcasing pressure
from latest test

D = Supply orifice diameter to be used on
Z

next test

3-27. RE-ORiFICING WITH CHANGES IN

FCEL PUMP INLET CONDITIONS. If the fuel

pump inlet pressure for the next test is to be
d!Zerent from the fuel pump inlet pressure of
•_:_,_ latest test, the fuel impeller backcasing

pressure measured on the latest test should be
9rojected to that which would have occurred if
the test had been run under the new inlet pres-
sure. This corrected pressure may then be

used in the re-orificing procedure outlined in

paragraph 3-25. Calculate the corrected fuel
impeller backcasing pressure usingthe following

equation: [PDFL- PBC£

PBCN = PDFN" LPDFL PIFL

PDFN" PIFN)

Section IiI

Paragraphs 3-25 to 3-30

PDFL : Fuel discharge pressure obse."ved
on latest test

PIFL = Fuel inlet pressure observed on
latest test

PBCL = Fuel impeller backcasing p','essure
observed on latest test

PDFN = Fuel discharge presst:re expe,_:i:ed on
next test

= Fuel inlet pressure "I "' : "
next test

PBCN : Fuel impeller o:_ckca_,:ing))re,_,sare
corrected for ne'..v inlet conciiti,,P.s

The new orific::_ (:i:_.mete," may then o< calcukttc_
- #_using the re-orificing equation (paragraph 3-_6),

= p
with PBCN L"

3-28, RE-ORIFICING WYFH CHANGES ]IN

TURBOPUMP SPEED. 11 a significant change

in turbopump speed (more than 40 rpm) is an-
ticipated between the latest test and the next

test, the fuel impeller backcasing pressure f>om
the latest test must tlmn i_e corrected to new

turbopump speed before the re_.ortt'icing equ'=..-
tion (paragraph 3-26) can ,_e used. The present
technique uses past component and engine

turbQpUmp fuel discharge pressures, fuel
impeller backcasing pressures, fuel inlet i)res-

sures, and speed data. for the speckle turbo-
pump being re-orificed_ The fuel i:npe!lez

backcasing pressure for each tes'_ should be
correctec_ to the fuel pump inlet o-essure ex-
pected or_ the next engine test, usmj the equa-.

9tion outlined in paragraph 3-.7, This corrected
fuel impeller backcasing pressure _._l_ould _!

plotted against the turbopump speed observed
during that test. The resulting curve deter-

mines the corrected fuei impeller ba.ekcasing
p:'essure at the turbopump speed expectea on

the next test. The resulting value of fuei
impeller backcasing pressure determh<es the
new fuel impeller backcasing orifice c_ameter

from the equation outlined in parag,_apn .... _, .

3-29, HEAT EXCHANGER PERFORMANCE
EVALUATION AND PREDICTION.

3-30, Heat exchanger performance is deter-

mined from operational characteristics oZ"the
heat exchanger using data obtained during test-

ing of the heat exchanger. The calculations

Change No. 9 - 4 November 1970 3-25
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,'I
, necessary to determine heat exchanger per-

i:ormance are made in a computer program,

which requires data input as listed in figure

i 3-29. All listed input is required except for the
_ LOX coil outlet pressure. Inclusion of the LOX

!coil outlet pressure will enable the LOX coil
resistance to be calculated. Standardized data
are included because they are required data;

_ however_ they normally are not changed from

_,:the nominal values listed in figu#e 3-29. Oper-
!_ ating _,_ta should be obtained from a performance

ck._a nte , o 3.0 o 3.2 seconds duraAon dmt t_
starts at or after 20 seconds of engine effective i <_Y
duration. Output from the program summarizes il
heat exchanger operation at site conditions, ii
determines coil outlet temperatures at standard !:
inlet conditions, predicts coil outlet tempera- !!

tures at the target time of a subsequent test, }i
and calculates the diameter of the coil bypas _

orifice required to achieve the target coil outlet li
temperature at standard inlet conditions and at !]

the target time of a subsequent ,_est.

Parameter

Nominal
Value Units_'"=-_e of Data

i
:) identification Data

i

!:'i
i] Test Conmtion Data

t;

_ Operational Data
I?i

Standardized Data

Name

Engine serial number

Heat exchanger serial number
Test number

Test duration

Ambient pressure
Time of slice start

Turbine exhaust temperature
Sea-level turbine exhaust temperature
LOX coil flowrate

LOX coil inlet temperature

LOX coil outlet temperature
LOX coil outlet pressure (optional)
Helium coil flowrate

Helium coil inlet temperature
Helium coil outlet temperature

Anticipated additional operation

time to target time

LOX coil flowrate

LOX coil inlet temperature

LOX coil outlet target temperature

Helium coil flowrate

Helium coil inlet temperature

Helium coil outlet target temperature

35

4

-288

470

0.6

-345

255

Seconds

psi
Seconds

°F

°F

Ib/sec

OF

psia
Ib/sec
oF

oF

Seconds

Ib/sec

_F

°F

ib/sec

°F

oF

Figure 3-29. Heat Exchanger Performance Evaluation and Prediction Input Data Requirements
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_ 3-31. HEAT EXCPL4,NGERCOMPUTERPRO-
!ii
' 3-32. In addition to the performance evalua-
i tions and predictions (paragraph 3-30), the

I_'heat exchanger computer program contains the

'_i!following optional capabilities:

a. Enables predictions to be based upon

sT:,:,cified bypass ratios rather than bypass ori-
fice diameters.

f'h

b, Enables heat exchanger performance to

be predicted with specified alternate bypass
orifice diameter-s.

ii_ c. Enables fiowrates to be computed from

' flowmeter nozzle data.

ci. Enables average performance to be
established from a series of tests.

e. Enables coil outlet temperature data to be
adjusted for instrumentation system lag when
data is obtained during a transient condition.

3-33 through 3-37. (Deleted)

//':

/
i_ ,._,,,

All data on pages 3-29 through 3-38, figures
3-30 through 3-38 deleted.
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R-3896-1 SectionIIt
Paragraphs3.-40to 3-43B

3-40. CALCULATIONSINVOLVINGA TYPl-
CAL ENGINE. _ ,

3-41. For calculations involving a typical en-
gine, the initial valueswouldbe the sameas
the nominalvalues, asfollows:

FE i =FEN Pai =PaN

PFi = PFN . PO i = PON

PFi =PFN PO i =PON

TFi = TFN

/

;i
:$
i

-
!.

h
i"4

'Fh.:. following are the calculations used to de-

!::, nine the t_u'_st of the engine when opera: 2d
_,,.6r the folh 7trig conditions:

a. Atmospheric pressure = 3.90 p:3_<
] Fuel temperature = 75 ° F

c. FuJi _.c,sity = 50.45 ib/cuft

d. Oxidizer density = 70.90 ib/cuft

e. Fuel pump inlet pressur e = 42.00 psia

f. Oxidizer pump inlet

pressure = 89.55

E 1,522,000 3.90 - 14. 696
= (-0.1458) +1,522,000 14. 696

(75.00 - 60.00.)Ko: (0.0191) +

(50.45 - 50.45)50.45 (-0.9434)+

(70.90 - 71.38,
71.38 )(2.1345)+

(42.00 - 45.00)Ts:o (-o.oo9o) +

(89.55 - 65.00)
65?0-6 (0.0544)

F_, - 1,522,000 =

1,522,000

/_--, !iI

(-0. 7346) (-0. 1458) +
( 0. 2500) ( 0. 0191) +
( 0.0 ) (-0. 9434) +

(-0. 0067) ( 2, 1345) +
(-0.0667) ( O. 0090) +

( 0. 3777) (0.0544)

+0. 1187 or +11.87 percent
change

+0. 1187 (1,522,000) + 1,522,000

+180,700 + 1,522,000 = 1,702,700

The incremental thrust h:tsbeen iou_d to be _

180,700 ib for tileconditions stlt(.d_ y_e14-_,,_._:._a

final engine thrust of 1,702,700 lb. Propellant

densities may be estimated from me._.z d tem-

perature and pressure data vzith the aici of fig_ares
3-40 and 3-41. Figure 3-.40 presents the rela-

tionship between the temperature and density
for a nominal cut of ,_,r_)--_ fuel. "When the density

of a batch of RP-i is known a'i: ene tem.peratare,
the density at another re.; .,cmu. c:{: _,o_) deter-

mined with the slope of t ku ilOl',_._ll:ti i%P-I ilae
shown in figure 3-40. The: effect of pressure on

th_ ,_.c.,_sity of RP-1 is small ana flay be i_;nored

_or lcLet conditions encountered on c_c enKine.
Fi_u:'e _f-41 presents the relationship between
liquid oxygen temperat,:re, p:essare, and den-

sity. Two density-w-._':{us-temperature curves

are presented to sho\v the effect of varying: inlet

pressure on oxygen density. _,

3-42. CALCULATIONS INVOLVING A SPE-

CIFIC ENGINE.

3-43, When the values of actual en_gne param-
eters diffez, from those used as nominal vah_es

in tlle table of influence coefficients, the "delta
method" of application of influence coefficients

is used. This procedure consists of computing
an incremental change of variables rather than
a percentage change of these variables. The

incremental change is then applied to the actual
engine value. This effect can be accomplished
by using the equation of the quantities

FE.' Pc.' Fi' PO.' PF.' andPo.,
i I i I 1

which are defined as the actual engine values of
these parameters. All other quantities are as
defined previously.

3-43A. TEST TREND CORRECTIONS. i_

3-43B. During a test_the engine exhibits [i

characteristic trends that may be predicted with
the use of influence coefficients. Nominal and

actual performance values are established during
a time interval of 35-38 seconds of burn time.

Changes occur in turbine operatim_l character-

istics resulting from coke deposits on internal

turbine surfaces and thermal expansion in the

turbine assembly. Performance changes are

calculated for burn time using figures 3-41A

and 3-41B. Figure 3-41A presents the per- !]
centage change in turbine nozzle area as a
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Figure 3-40. RP-I Fuel Density Versus Temperature

I I I
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AT -298.14°F AND 55 PSIA STATIC

SLOPE: -0. 173 Li:,/FTa/°F

66.0 ----

-300 -290 -280 -270

OXIDIZER TEMPERATURE, CF Fl-l-lI5

f

3-42

Figure 3-41. Oxidizer Density Versus Temperature
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R-3896-1 _'_""'*

I IPressure, _ture, I Number of

Material ID,in. psig 1 ..... "-o_<OF jF,_teners

Joint Information

Zone

B3,DI,

D5,FI,
FG

D5

D5

E5

F1

F6

A4
B3

H7

H3

F]
F7

B4

A3

A4

B1

B!

A4

A4

I Code

L

OD-4

OD-8

OD-17

OD-19

OD-20

OD-21

N-I

N-2

N-3

N-4

N-5

N-6

, N-9

N-10

N-II

Description

OXIDIZER PURGE AND DRAIN JOINTS

Oxidizer Drain Line F S 0.25 I0 -i00 to +i00 i

• L

Oxidizer Drain Line F S 0.50

Oxidizer Overboard NA TS 1. 350

Drain Line
No. i and 2 LOX KB TS 0.451

Valve Actuator Shaft

Drain
Oxidizer Drain Line F S i. 25
Gas Generator Ball KB TS 0.451

Valve LOX Vent

Port (2 seals)

I0 -i00 to +100

i0 -i00 to +I00

I0 -I00 to +i00

I0 -I00 to +i00

i0 -i00 to +i00

1

4

NITROGEN PURGE AND DRAIN JOINTS

Crossover to LOX
Dome and Gas Gen-

erator Purge

Purge Supply Line
to No. 2 MLV

Purge Line to No. 1
and 2 Check Valves

(2 seals)

Purge Line to GG
Ball Valve Check
Valve

Pump LOX Seal

Purge Crossover
Line to Hard Line

Hard Line Joint

(Pump LOX Seal
Purge)
Gas Generator

Bypass Oxidizer
Manifold Purge

No. 1 Bearing Purge
Adapter to Pump

No. i Bearing Purge
'Line to Adapter Fuel

Pump

GO VA 0.735 i, 000 0-130

GO VA 0.735 i,000 0-130

GO VA 0.735 i,000 0-130

NA TS I.026 I,000 0-130

GO VA 1.125 100 0-130

GO VA 0.571 100 0-130

GO VA 0.571 100 0-130

OR BN 0.468 i00 0-130

OR BN 0.426 i00 0-130

4

4

4

4

• :i,

/ii

:i

h

Figure 2-27. Purge and Drain Joint and Seal Schematic (Sheet 2 of 4)
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Zone

Joint Information l Seai Information I Environment

i _ °FCode Description Type iMaterial ID, in.[ psim 1

NITROGEN PURGE AND DRAIN JOINTS (continued)

F4

B1

A3

C6

B1

A4

Number of

Fasteners

N-13 Calip Switch OR VA 0. 351 i, 090 0-!30 1
Checkout Line

N-!4 Gas Generator KB TS 0. 577 10-400 0-130 i

Bypass Oxidizer

Mmqifold Purge

N- 17 Purge to Crossover GO VA 0.735 175 0-130 4

(insulation)

N- 18 Purge Overboard OR SN 0.688 10 0-130 4
Drain Line

ND-6 Purge Drain Lines F S 0.375 10 0-130 1
ND-8 Purge Drain Lines F S 0.50 10 0-130 i

/..4_ B4_ FD-4

C3_ Fi_

Ff:_ FT_

...... B'_, FD-6
r-, c

D3, E'_.
_e_ G2,
G6, G7

A4_B4_ FD-8

D2_ E2,
E4, G2,
G6, B6,
B7

E2_ E4 FD-10

D2, E2 FD-12
D2 FD-16

A5, .......,_ _ FD- 17

B5, C7
E2

FUEL PURGE AND DRAIN JOINTS

Fuel Drain Lines F S 0.25 10 0-130 1

Fuel Drain Lines F S 0.375 10 0-130 I

Fuel Drain Lines F S 0.50 i0 0-130 i

Fuel Drain Lines F S 0. 625 i0
Fuel Drain Lines F S 0.75 I0

Fuel Drain Lines F S i. 0 i0
Drain Manifold Cover GO VA 2.00 I0

and Outlet Line (3

seals)

0-130 1

0-130 1
0-130 1

0-130 4

Figure 2-27. Purg e and Drain Joint and Seal Schematic (Sheet 3 of 4)

!

O
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tl-3896-I , _,::.: ,: _:{

] T

.I,_::1C Code

Jo[nt hfformation

B4, C6 FD-19

_pU 9 ][ _._ -,,:j

'_4,B6 FD-25

_: FD-29

2' FD-31

-., 2,6,
!.; L

../:. FD-33

GZ FD_35

E4 FD-37

C1 FD-39
C2

C_ FD-40

_4, B7 FD-41

D3 FD-43

Cl FD-45

B3 FD-46

C1 FD-47

Description

: Sea1 hfformatfon [ }i::w_, o,"n,_' : :

i-...... -r: ........--r-----t- ............ 1....................................:-..............
! J?".'CS'£.:ICC, I ielllDel'iIudi'e, 1\!1;. l_!)Ol'O]

..... !,._, :.., . , I n . ' . " , t--,.._ ",.
,iT_pe ,IVi_itcFial ;'_,ll].lj ]?Sl:o i} ]_ ,_........:""_q[O PO FS

FUEL PURGE AND DIL_,IiJ JOINTS (corL:b_ued)

Turbine Bearing GO VA 0. 735 i0 0-i30 4
Lube to Drain Mani-

foi(._ {:_ :-;eals)
f'uo! /:_iet Drain O1-i VA 0.92,I 10 0-i;-6 i

Limes (4 seals)
Fu" hdet Lube Bear- Oil VA 0. 344 l:J 0-_,b0 i.

[r,g L rain inboard
Reducer in Fuel OR VA 0,468 10 0-i30 i
O,_:_ ;r:'_;'d Drain Line'

Noo :tnd 2 LOX f_ TS O.451 10 ,%-_2,0 t
V[_'.,'c Drain to Valve

(4 seals)
Prhuary Fuel Seal ()R VA 0,344 i0 0-[.30 1
Drain No. 1 and 2

(4 seals)
Ignition Monitor Valve OR VA 0. 644 l0 0-i30 ]
Vent Drain (3 seals)
Main Fuel Valve Vent KB C S 0.451 I0 0-130 I

Drain (4 seals)
i{_niterFuel Valve OR VA 0. 468 I0 0-130 I
Vent

Checkout Valve Act-u- OR VA 0.351 i0 0-130
ator and Seat Vents

(2 seals)
Chec_<out Valve Aetu- OR VA " 0. 351 10 0-130 1
ator and Seat Vents

(i sea!)

Beaz'ing Lube Drain; GO VA 0. 735 I0 0-130 4
Inboard and Outboard

and Turbine Bearing
Lube Drain Lines (3
seals)

Igniter Monitor Valve OR VA 0.351 i0 0-130
Vent Drain
Gas Generator Ball KB TS 0,451 I0 0-130 i

Valve Cavity Vent
Gas Generator Ball KB TS 0.451 i0 0-130 1

Valve Shaft Vent

Gas Generator Actu- OR VA 0. 351 I0 0-130 I
amr Vent Port

p
IY

Figure 2-27. Purge and Drain Jcint and Seal Schematic (Sheet 4 of 4)

Change No. 2 - 10 August 1967 2-73/2-74



R-3896-1
Paragrapl:.s3-1 to 3-9

/
SECTION I_

PERFORMANCE

/

3-!. _COi E. This section contains norni:ml

en_dne performance ch:;Lracteristics, methods
ft. _,redicti.n_): :::ng!ne variable characteristics,
c_',;pne irffiuenc_ _oefficients, instrumentaLzon

i_._.rametersused du_i:_5 static tests of a _ingle

enf(ine, and f!i_;PAins_rumentation transducer

_:utacontrol and process_mg. The data is pre-

_.e-dedas an a__aL_.analyzing and/or determin-

_i-<specfic ..n,._ineperformance.

-2,, NOi_/fINAL i?£AI:,_RMANCE CHARAC-

_. The no:.,:_,.al performance c,haracterist_cs
,.¢.:_tained in the following paragraphs are stated

,_.ues for optimum engine performance. The
-_,-,wable tolerance for actual engine perform-
:,,.ce values zre based upon these nominal values.

:_-4. NOMINAL ENGIhrE PERFORMANCE

VALUES.

:[ -5. See figa_es 3-1 _hrough 3-12A for current

nominal engine performance values.

3-6. NOMINAL THRUST CHAMBER PER-

FORIVLANCE VALUES.

!_-7. See figure 3-13 for nominal thrust cham-

oer performance values.

3-8. NOMINAL TUROBPUMP PERFORM-

ANCE VALUES.

Parameter Value

(a)

_n,: ,I_,_ i, o,_d., 00(, :i;

MisDate ratio 2.27 O./F

Specific impulse 285. i sec iil

.ii

.Rated duration 165 sec _:
!!

Fuel flowrate i,755 lb; sec [i
/

i,75_ lb,/sec (a) H,

Oxidizer flowrate 3,984 lb/sec ii

3,981 lb/sec (a) [I

i!
Engines incorporating MD12__88or MDi74 [i
change _,

Figure $-i. Nominal Engine Performance h
Values at Sea Level and St:mdard [t

Turbopump Inlet Conditions

3-9. See figures 3-14 through 3-18 for nominal

turbopump values.

%
!

Change No. 10 - 16 July 1971 3-1



SectionHI R-3896-1

7_
0
o

M

Z
U_

0

b,
Z
M
0

I00

90

8O

7O

6{

50

4O

30

20

<

lo_----

oL--
0

i.:-: /
/

I ,,,
i

i
I

3 4 5

TIME FROM CONTROL VALVE OPEN SIGNAL (SECONDS)

(U_NG 50 PERCENT ETHYLENE GLYCOL-WATER AS THE THRUST CHAMBER IRE-FILL FLUID)

FI-I-35

Figure 3-2. Nominal Thrust Buildup Characteristics
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Figure 3-3. Gimbal Buildup Characteristics
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7 2_ 000

I0 _u01-G-35B I
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i
Figure 3-4. Gimbal S'apply Pressure Versus Sea-Level Thrust
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Figure 3-5. Nominal Thrust Decay Characteristics
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Figure 3-6.

F_ :_ 3-7 deleted.

Nominal 'Gimbal Supply Pressure Decrease Characteristics F'%
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104001-G-40A

Fig_re 3-8. Sea-Level Specific Impulse Versus Thrust at Nominal Mixture Ratio and Temperature
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Figmre3-9 deleted.
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Figure 3-10. Sea-Level Characteristic Velocity Versus Thrust at Nominal Mixture Ratio
and Temperature (Engines Not Incorporating MDI28 or MDI74 Change)
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Figure 3-11. Sea-Level Characteristic Velocity Versus Thrust at Nominal Mixture Ratio
and Temperature (Engines Incorporating MD12___88or MD17_44 Change)
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Section Ill R-3896-1

Switch Times Potentiometer

Valve (Seconds) Times (Seconds

Oxidizer valve 0.320 0. 535

Gas generator 0. 170
ball valve

Fuel valve 0.635 0.735

Figure 3-21. Nominal Valve Opening

Times for Mainstage

Parameter Value

i_: Mp_ximun: thrust increu, se
F! ior O, '"_u _O- second interval,
i'- 9O- 9E',3K ] b
3

ii Maximu:. _hi_ast Hicr_Asf_
i:i]for 0.01_ .second interval,

:i above 'L,('_%KIb

[; Thrust .:_crease time,
610-!,L?0K ib

50,000 Ib

21,000 ib

0.59 sec

, _Oxici:; ;}: _nsumption prior 620 gal.
: ,., _t,,C i:'L "!Ist

Fuei,;o_:'umption prior to
90% thru:_

128 gal.

__:z u=. Buildup andFi,g_, -_2. Nominal ......
A>} .:-oximate Propellant Consumption

Values for Mainstage

Value(a)

Parameter Seconds)

gndne Control Valve Opening

Sternal to:

Oxidizer valve starts to open

Gas generator ball valve

starts to open

Fuel vah, es start to open

Time of i00 psig chamber

pressure

Thr .s,: OK pressure switches

pickup

(a) Values are based on S-IC stage

applicattcn.

0.035

0. 140

3.570

3,800

4.640

Fig-are 3-22A. Nominal Start Times From
Engine Control Valve Open Signal

All data ou pages 3-11 through 3-16 deleted.

\j
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Figure 3-12A. Sea-Level Thrust and Thrust Coefficient Versus Chamber Pressure at Nominal _:.
Mixture Ratio and Temperature (Engines Incorporating MD12__88or MDIT___!4Change)
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Parameter Value

Thrust at sea level

Expansion area

Throat area

Thrust chamber pressure

injector end

Nozzle stagnation

Ig_iter fuel flowrate

Total fuel flowrate

Oxidizer flowrate

Mixture ratio

Characteristic velocity,
Nozzle stagnation

Throat gas stagnation

temperature

Throat gas static

temperature

Nozzle exit gas static

temperature

Thrust chamber wall

temperature at throat

Cooling jacket prefill
volume

Oxidizer injector pressure

drop

Fuel injector pressure
drop

1,522,000 ib

16:1

961.4 sq in.

1,123 psia _
I, 125 psia (_j

980 psia, ,
982 psia ta)

12 ib/sec

1,633 ib/sec, ,

I, 636 Ib/sec ta)

3,931 Ib/seci_ _

3,933 ib/sec x'_'

2.40O/F

5,447 ft/sect_ _

5,451 ft/sec \'_j

5,970 ° F

5,328 ° F

1,922 ° F

975 ° F

105 gal

312 psid

96 psid

Cooling jacket pressure 265 psid _
drop 242 psid (aj

R-3896-1 Sc orion III

Parameter Value

OXIDIZER PUMP

Total flowrate

Inlet pressure (total)

Disch_'ge pressure (total)

Required power

Speed

Torque

FUEL PUMP

Total flowrate

Inletpressure (total)

Discharge pressure (total)

Required power

Speed

Torque

TURBINE

Inlet temperature

Exit temperature

Inlet pressure (total)

Exit static pressure

Gas flowrate

Developed power

Speed

Torque

3,986 lb/sec
25,061 g])m, .
25,063 glum _a)

65 psia

.1,598 ! ta)psla, \

1,602 psm

30,270 bhp..
30_ 332 bhp (a)

5,488 rpm,
5,492 rpm ta)

28,967 ft-lb, ,
29,022 ft-lb_a)

1,756 lb/sec

15,620 gpm

45 psia

1,870 p

22,656 bhp, ,
22,814 bhp [a)

5,488 rpm _\
5,492 rpm (aj

21,681 ft-lb, ,
21,829 ft-lb<a)

i,453 ° F

I, 152 ° i" ,
i, :138° F ta)

918 psia/.. _
945psia _

58 psia

172 ib/s_c, ,.

167 Ib/sec _aj

52,926 bhp, ,
53 _146 bhp _a_

5,488 rpm,
5,492 rpm ka)

50,649 ft-lb, ,
50,851 ft-lb_a_

(a) Engines incorporating MD12___88or MD17__44change

Figure 3-13. Nominal Thrust Chamber
Performance Values

(a) Engines incorporating IVLDI2__88or MD17__44

change

Figure 3-14. Nominal Turbopump
Performance Values

Change No. I0 - 16 July 1971 3-7
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_,_igure3-15 deleted.

I._:::::::::::::::::::::::::::!::::i _::=_::_:::!_<JzZ:_]]__1
3 , 0 0 0 : _ .................................

..... _::__.._-_ --_I::::_: ' :__.-::_:!_=_.+. -i._:_;:-+._:: '_

2, 600_' " ., _ _

23,000 24,000 25_000 26_000 27,000

FLOW _ GPM

CURVE SPEED = 5, 550 P_PM
IMPELLER DIAMETER : 19.500 INCHES

AVERAGE INLET FLUID TEMPERATURE = 295.5°F

i04001.-G-43

Figure 3-16. Oxidizer Pump Developed Head Versus Volumetric Flowrate

©
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Paragraphs 3-10 to 3-15

Figure 3-17 deleted.

E_

o_

_D
<
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5,000
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4, 0001 :__-_¢_-=_*_

14,000

:%:_£_,._,_:_ _.ii-::i_i !.!-.}ii!2-!i!L-"-:{_".i.l

::::::::::::::::::::::::::::::::::::::. ::. ;::-..:!

15,000 iS_000 i7,000

FLOW _,. GPIV/

CURVE SPEED = 5, 550 RPM

fOaL] L-G-44

/

Figure 3-18. Fuel Pump Developed Head Versus Vohmetric Flowrate

-i0. NOMINAL GAS GENERATOR PERFORM-

ANCE VALUES.

3-11. See fi_,_re 3-19 for nominal gas genera-

tor performance values.

3-12. NOMINAL IIEAT EXCHANGER PER-
FORMANCE VALUES.

3-13. See figure 3-20 for nominal heat ex-
changer performance values.

Parameter Value

(a)

CAS GENERATOR

Injector end pressure 956 psia, ,
980 psia m)

Fuel flowrate 121.1 lb/sec, ,
118.0 lb/sec ta)

Oxidizer flowrate 50.4 lb/sec, ,
49.0 lb/sec La_

Mixture ratio 0.417 O/F, ,
0. 416 O/F [a)

Discharge temperature 1,453 ° F

Engines incorporating MD128 or MD174

change

Figure 3-19. Nominal Gas Generator
Performance Values

Temperature No,min_l

Parameter Range V;:_!_le

Oxygen flowrate

Helium flowrate

400 ° to 500 ° F

185 ° to 285 ° F

4.0 lb/sec

0.6 ib/sec

Figure 3-20. Nominal IIeat Exchanger
Performance Values

3-14. ENGINE START CHARACTERISTICS.

3-15. Engine start characteristics (figures
3-21 through 3-26) are presented as nominal
values. Refer to R-3896-II for minimum and
maximum values.

Change NOo i0 - 16 July 1971 3-9
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Figure 3-22A deleted.
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Section II R-3896-I

Joint Information

Zone Code Description

Seal Information

Type Material ID, in.

Environment

Pressure, Temperature
psig °F

Number of

Fasteners

OXIDIZER PROPELLANT SYSTEM JOINTS

A4 0-1M

A4 0-2M

E1 0-3M
E6

E1
E6

A3

B3

B3

F5

D5

D5

C4

C4

C4

O-4M

0- 5M

0-6

0-7

0-8M

0-9M

0-10M

0-11

0-12M

0-13M

LOX Suction Duct to NA TS 17. 026 115 -300

LOX Pump

No. 1 and 2 LOX NA TS 9.00 1,700 -300

Pump Discharge to

Spacer to LOX High-
Pressure Ducts

(4 seals)
No. 1 and 2 LOX NA TS 9.00 1,700 -300

High-Pressure Duct
to Spacer to MLV
Inlet (4 seals)
No. 1 and 2 MLV to NA TS 9.00 1,500 -300
LOX Dome Inlets

(2 seals)
No. 2 LOX High- NA TS 1. 924 1,200 -300
Pressure Duct to B/S

Line (2 seals)

B/S Line to GG LOX NA TS 2.486 1,200 -300

Supply Line (3 differ- NA TS 1. 611 1,200 -300
ent seals) NA TS 2. 111 1,200 -300
GG LOX Supply Line NA TS 2.486 1,200 -300
to GG Ball Valve

H.E. LOX Check Valve NA TS 2.00 1,450 -300
to LOX Dome

H.E. LOX Check Valve NA TS 1.635 1,400 -300
to H. E. LOX Flow-
meter

H.E. LOX Flowmeter NA TS 1. 635 1,350 -300
to H.E. LOX Inlet

Line

H.E.

Line

Inlet

H.E.

to H.

LOX Bypass NA TS 1.026 1,300 -300
to H.E. LOX

Line (2 seals)
LOX Inlet Line NA TS 3.735 I, 300 -300
E.

H.E. GOX Outlet Line NA CN 3. 780 i, 300 800
to H.E.

36

24

24

24

8

8

8
8
8

8

8

8

/

(

Figure 2-26. System Joint and Seal Schematic (Sheet 2 of 13)

_ i¸¸ .
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R-3896-1 Section13

]

Joint Information Seal Information Envil'onmen_ :

I !Pressure, Temperature, i Number of

Zone I Code Description Type Material ID, in. psig °F ,3'asteners

OXq[DIZER PROPELLANT SYSTEM JOINTS (continued)

C4 0-14 H.E. LOX Bypass I_A TS I. 032 i, 300 0 4
Line to H.E. GOX
Outlet Line

C4 0-15 H.E. GOX Outlet NA SIN I. 530 i, 300 800 8
Line to H.E. GOX

Wrap-Around Line
D5 0-16M H.E. LOX Inlet NA TS 0.510 i, 300 -300 4

Pressure Trans-
ducer (a)

D5 0-17M H.E. LOX Inlet NA TS 0. 510 i, 300 -300 4

Temperature
Transducer( a )

D5 0-18 _abe (H. E. LOX NA TS 0. 510 I, 300 -300 4
Inlet Pres sure) (a)

C4 0-19M H.E. GOX fi>at Pres- NA CN 0.510 i, 300 800 4
sure Transducer and

Hose (2 seals)
C4 0-20M H.E. GOX Out Tern- NA CN 0.510 i,300 800 4

perature Transducer(a)

A3 0-21M LOX Iklmp Discharge NA TS 0. 510 i, 700 -300 4
A4 Pressure Transducer

and Tube Assembly

(4 seals)

B4 0-23 GG LOX Purge Check NA TS 0.464 i,200 -300 3

Valve to GG Ball

Valve

A4 0-25 LOX Seal Cavity Pres- NA TS 0. 510 12 -300 to 4
sure Transducer( a ) +130

A4 0-26 LOX Pump Seal F AL 0.213 I, 700 -300 1

Cavity; Static Firing
Instrumentation (Port

PO2b-2)(4 seals)
A3 0-28 LOX Pump Discharge KB TS 0.451 i, 700 -300 1

A4 No. 2; Static Firing
Instrumentation (Port F AL 0.213 i, 700 -300 1

PO2b-2)(2 seals each
of 2 different seals)

(a) Engines not incorporating MD9__66or MD97 change

Figure 2-26. System Joint and Seal Schematic (Sheet 3 of 13)
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Sec[ionII R-3896-I

Zone

Joint Information

Code I Description

Seal Information Environment O
+<.:. =

Temperature, I Number of

°F IF asfienersI
OXIDIZER PROPELLANT SYSTEM JOINTS (continued)

A5 0-29 LOX Pump Discharge KB TS 0. 451 I, 700
(continued) No. I; Static Firing

Instrumentation (Port F AL 0. 213 I, 700
PO2b-1)(2 seals each
of 2 different seals)

F3 0-30 Oxidizer Dome to SP Sq?F 41. 062 i, 450

Injector

FUEL PROPELLAi_T SYSTEM JOINTS

A2 F-I Fuel _Qaction Duct to GO VA 12 150
A5 Fuel Low-Pressure

Duct (2 seals)
A4 F-ZM Fu_- Low-Pressure GO V_ 8.5 150

Duc_ to _ei Pump

inlet (2 seals)
B4 F-3M No. I and 2 Fuel GO VA 6 1,815

Pump Catlet to

Space_ _ to High-
Pressure Duets

(4 seals)

I_3 i:-4M NO. 2 2"_uel High- GO VA 2.28 I, 815
Pressure Duct to GG

E Fuel Upstream Line GO VA i. 25 1,815
B3 F-5 GG Fuel Upstream GO VA I. 25 i, 815

Line to GG Fuel
Downstream Line

B3 F-6 GG _-h_ei Downstream GO VA 2 i, 330
Line to GG Ball Valve

Inlet

E5 F-7 No. i _-hei High- GO VA 0.875 i, 815

Pressure Duct to Ig-
niter Fuel Valve

Supply Line
No. i Fuel High- OR VA I. 176 i, 815
Pressure Duct to

Igniter Fuel Valve

Supply
E3 F-8 Igniter Fuel Valve GO VA 0.625 I,700

Supply Line to Igniter
Fuel Valve Inlet

Igniter Fuel Valve OR VA i. 176 i,700

Supply Line to Igniter

Fuel Valve Inlet (2 seals)

-300 1

-300 i

-300 58

0-i30 40

0-130 36

0-130 20

0-_30 8 _._ }

0-i30 8

0-i30 8

0-130 8

0-130 4

0-130 4

0-130 4

0-130 4

Figure 2-26. System Joint and Seal Schematic (Sheet 4 of 13)
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R-3896-1 Section Ii

1
i
1

Zone ICode

Joint Lnformation

Description

SeaS hcformation En_ i_o,,r........t

iType MateriaslID , in. 1 psig I °F t Fasteners

FUEL PROPELLANT SYSTEM JOINTS (continued)

i,'4

E5

F5

G2
G5

-F4

F5

B2

B2

A5
B5
B4

B3

B4

A3

A4

A3

A4

G3

G4

F-9 !rjdter Fuel Valve GO VA 0.625 i,500 0-130 4

to Igniter Fuel Line

F-10 Igniter !:'ueiLine to C<) VA 0.625 i,_60 0-130 4

Thrust Chamber

injec_or
F-II No. 1 High-Pressure GO VA 3 i,815 0-130 8

',_ct to Gimbal Supply
Cover GO VA I.875 i,815 0-130 8

F-12M Fuel High-Pressure GO VA 6.52 i,815 0-_30 20

Duct to No. 1 and 2

MFV (2 seals)

Fue_ High-Pressure GO VA 6.52 I, 81_ 0-130 20

Dact to Spacer to No. 1

and 2 MFV (4 seals)
F-13M No. 1 and 2 MFV to GO VA 3 i,520 0-130 20

Fuel Manifold Inlet

(2 seals)
F-14 Prefill InletBoss GO VA i.492 I, 520 0-130 6

! .

iCO_er)

F-!5M P:eii:.iLevel De- C43 VA i.499 i,520 )--t30 6

rector Boss

F-16 High-Pressure Duct GO VA 0.57 I,800 0-180 4

Bleed Line to Low-

Pressure Duct

F-17 _igh-Pressure Duct GO VA 0.735 i,800 0-130 4

Bleed Line to High-

Pressure Duct

F-18(a) Fuel Pump Inlet Tern- GO VA 0o 735 150 0-130 4

perature Transducer
F-19 Bearing Jet Pressure GO VA 0.735 400 0-130 4

Transducer

F-20 Fuel Pump Discharge GO VA 0.735 i, 815 0-130 4
l_ressure Transducer

(4 seals)
F-21 Fuel Pump Inlet Pres- GO VA 0.735 150 0-130 4

sure Transducer

(2 seals)
F-22 Fuel Pump Inlet Pres- GO VA 0.735 150 0-130 4

sure Adapter to Inlet

(2 seals)
F-23 Fuel Inlet Manifold OR VA 1.045 1, 520 0-130 4

Disconnect (2 seals)

Engines not incorporating MD9__66or MI)9_! change

Figure 2-26. System Joint and Seal Schematic (Sheet 5 of 13)
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SectionII R-3896-1

' ! I I -: o

FUEL PROPELLANT SYSTEM ]OTNTS (continued!,

Fuel Valve Drain Port OR VA 0.468 1, 520G2
G5

E4

F2

.j

E3

F-24

F-25

!.'-22

7:-28

• ?.

: -30

I,-32

E3

F3

F4

B2

B5 F-35

B3 F-36

0-130

0-130

0-!30

0-130

0-i30

0-130

0-130

0-130

0-130

:g-38

F-40

B4 F-41

Discormect (2 seals)

!gnii:er Fuel Supply OR VA 0. 739 1,815
Line Disconnect

F,le. '.:9'ller Back- GO VA 1.125 1,815

(-a:;h_/.,,q_pl.y Orifice
Fuei VaLve Disconnect OR VA 0. 739 i, 815

(2 s_-,Is)
Adap,:e::, Hvpergol GO VA 0.401 i,_00

Bleed

Adapter Plug, Hyper- OR VA 0. 351 I,700

gol ;_leed
Prefi!l Inlet Valve OR VA 0.75 i, 520

Assend)iy

Cali<_?S_zitchBoss to GO VA 0. 735 i,520

Calip S_,itch
High-Pressure Duct GO VA 0.735 1,815

Bleed Line to Low-

Pressure Duct
A3 F-33 AN814-4C Plug; Fuel OR VA 0. 351 150 0-130

A5 Pump Inlet (3 seals)
B4 F-34 Fuel Inlet Duct to OR VA 0.239 150 0-130

Pump; Seal Monitor-
ing Port (2 seals)

Fuel High-Pressure OR VA 0.739 1,815

Duct; Disconnect
Gas Generator Fuel OR VA 0. 468 i, 300

Drain Disconnect

(2 different seals) OR VA 0.351 1,300
Fuel Pump Inlet OR VA 0. 351 150

No. 2; Static Firing

Instrumentaiion

(Port KF6d-2)(5 RD
and 2 VSF seals) F AL 0.213 150

No. 2 Fuel Discharge; F AL 0.213 150

Static Firing Instru-
mentation (Port

PF2b-2)(2 seals)

Fuel Lmpeller Back- F AL 0.213 1,300

casing; Static Firing
Instrumentation

(PF-10)(2 seals)

0-130

0-i30

0-130
0-130

0-130
0-130

0-130

1

4

4

4

i

6

6

4

©

Figure 2-26. System Joint and Seal Schematic (Sheet 6 of 13)

2-62 Change No. 9 - 4 November 1970



iii

J

iii_

ill

L

J

._/

R-3896-1 Section iI

t
Zone I Code

A4 F-43

_5 F-44

F-45

Joint Information

I Description

I Seal Information ' Envlronmen_ !

' --_]-_ _ i

. Pressure, Temperature_ iN'amber of

i Type ] Material[iD, in. I psig °F I Fasteners

FUEL PROPELLANT SYSTEM JOINTS (continued)

i_'uel Pump Discharge OR VA 0.351 I, 815 0-130 1

No. i; _atic Firing
_.m =_,_mentation (Port

_F2b-!)(2 seals each
of 2 different seals) F AL 0.213 !__15 0-130 1

LOX Pump Bearing F AL 0.213 i, 815 0-130 1

Jet; Static Firing In-

strumentation (Port

LDIb)(2 seals)

_-hel pump Inlet No. F AL 0.213 150 0-i30 1

I; Static Firing In-

strumentation (Port

KF6b-I)(2 seals)

HELIUM SYSTEM JOINTS

C_ H-1

C4 H-2

C4 H-3

C4 H-4M

C4 H-5M

C4 H-6

C4 H-7

C4 H-8

C4 H-9M(a)

C4 H-10M(a)

Chmtomer Connect to NA TS i. 250 350 -300 6

Helium Supply Cross-
ove r
I-lelium Crossover to NA TS i. 250 350 -300 6

S_pply Duct Assembly
Helium Supply Duct to NA TS i. 026 350 -300 4
Bypass Hose (2 seals)

Helium Supply Duct NA CN 3.2 350 -300 8
to H.E.

H.E. [o Helium Re- NA CN 3.2 250 600 8
turn "Duct

Helium Return Duct NA TS i. 032 250 0 4

to Bypass Hose
Helium Return Duct NA SN I. 530 250 600 8
to Crossover
Helium Crossover NA SN I.530 250 600 8

Return to Customer

Connect
H.E. Helium Outlet NA CN 0. 510 250 600 4
Pressure Transducer

H.E. Helium Outlet NA CN 0. 510 250 600 4

Temperature Trans-
ducer

(a) Engines not incorporating MD9__66or MD9_/7 change

Figui-e 2-26. System Joint and Seal Schematic (Sheet 7 of 13)
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SectionII R-3896-I

i
Zone ]Code

C4

C4

C4

C4

H-i M(a)

Joint Information

Description

Se_ Information Environment

............1 ]IID_in.l psigIPressul'e' ]Temperature'i_ *F I]?astener sNumber of
Type Material ]

HELIUM SYSTEM JOINTS (continued)

H.E. Helium inlet NA
Pressure Transducer

?_.E. Helium Inlet NA

Tenq_erature Trans-
duce:-

703203 }iose (H. E. NA

Heliun_ Luiet Pressure)
703203 Hose (H. E. NA
Heliun_ Outlet Pres-

sure)

TS 0. 510 350 -300

'L'S 0.510 350 -300

4

4

_ 0. 510 350 -300 4

Ci_ 0,510 250 600 4

HYDRAULIC FLUID SYSTEM JOINTS

D3

D3

C4

D2

C3

C3

C3

F1
F6

Ol

G6

G!

G8

(a)

HF-2 Hydraulic Supply
Crossover Cover

_;, _-3 Hydraulic Supply
Crossover Line

i61'-4 Ground Supply Port.
of Con;:ro= Valve

7=_{-5 High-Pressure Duct

to Control Vmi_ve Sup-

ply Line (2 se_is)

,6..¢'-tt Engine Supply Port
of Con6rol Valve

(2 seals)
HF-? Close-Pressure

Port oi _._ont_o- Valve

(2 sea_is)(lseai)

71F-8 Open-Pressv.re Port

of Control Valve (2

seals)

_iE-9 No. i and 2 MLV

Open Control Port

(2 seals)
_{F-10 No. 1 ar.,_ 2 '_LV

Close Control Port

(2 seals)
_i _'- 11 No. ! and 2 Main

Oxidize'.-Sequence

Valve inlet (2 seals)

GO VA i.31 1,80Q 0-i30 8

• GO VA 0.875 1,80Q 0-136 8

GO VA 0.875 1,800 0-130 4

GO VA i. i76 1,800 0-130 4

OR _.rA " 1. 114 I,800 0-130 /'

GO VA 0. 875 I,800 0-i_0 a

GO VA 0.875 1,800 0-130 4

GO VA 0.870 1,800 0-130 4

GO VA 0.625 1,800 0-130 4

GO VA 0.406 1,800 0-i30 4

EnKines not incorporating MD9__66or MD9_77 c.hange

/

Figure 2-26. System Joint and Seal Schematic (Sheet 8 of 13)
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R-3896-1 Sec_:ion Ii

Zone Code

GI HF-12

G7

D3 HF-13

D3 HF-14

D3 HF-15

D3 HF-16

BI HF-17

C2 HF-18

B2 HF-19

A2 HF-20

B2 HF-21

A2 HF-22

B2 HF-23

F2 HF-24
F6
F2 HF-25

F6

C3 HF-26

B3 HF-27

B3 HF-28

F3 HF-29

Joint Information

Description

Seal Ii_/ormation

s

Type 1Material ID, in.

i

Environment I
_!

Pressure, Temperature, Number oI

psig ° F I Fasteners

HYDRAULIC FLUID SYSTEM JOINTS (continued)

VA 0. 406 1,800 0-130 4

VA 0.625 1,800 0-130 4

VA 0.406 1,800 0-130 4

VA 0.406 1,800 0-130 4

VA 0. 500 I,800 0-130 4

VA 0. 500 I,800 0-130 4

VA I.125 I,800 0-130 6

VA i.125 i,800 0-130 6

VA 2.448 1,800 0-130 8

VA 2.750 1,800 0-130 8

VA' 2.750 1,800 0-130 8

VA 2.750 1_800 0-130 8

VA 0.735 1,800 0-130 8

VA 0.406 1,800 0-130 4GO

No. 1 and 2 Main Oxi- GO

dizer Sequence Valve

Outlet (2 seals)

II_V Hydraulic Inlet GO
Port

h\_V Open Port to GO
_No. 1 MFV

I_/i-%r Open Port to GO
No. 2 IVIFV

15P£ Hydraulic Return GO
Port

i_,,fVReturn to Corn- GO

l_1onSystem Return

Control Valve Hy- GO

draulic Return Port

Control Valve Return C49

Line to Common

Return

Blind Cover 601546 to GO

Common Hydraulic

Return

Engine Hydraulic Re- GO
turr_ Line at Checkout

Valve

Engine Hydraulic Re- GO
turn Line to No. 2

Fuel L-let

Actuator Return Line GO

Assembly to Check-

out Valve

I_o. 1 and 2 MFV Open GO

Control Port (2 seals)

No. 1 and 2 MFV

Closing Control Port
(2 seals)

Flange in GG Close
Line

Closing Control Line
at GG

Opening Control Line
at GG

IMV Sense Line at
Fuel Manifold

GO VA 0.406 1,800 0-130 4

GO VA 0.406 1,800 0-130 4

GO VA 0.400 1,800 0-130 6

GO VA 0.307 1,800 0-130 4

j

Fig_are 2-26. System Joint and Seal Schematic (Sheet 9 of 13)
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SectionLI R-3896-1

Joint Information

Zone I Code

D3 HF-32

B2 HF-35

C3 HF-36(a)

c3 ;_F-37(a)

C3 HF-38

A2 HF-39

D2 HF-40

B2 HF-41

3_ P,F -44

_i HF-4 5

CI .:!i.:-?-46

C2 L _: -17

C3 HF.-48

Description

1 Seal Information

I I '
Type MateriM !!D,

] Environment '
I i

iPressure,l Temperature, 1in.l psi_ [ °F

HYDRAULIC FLUID SYSTEM JOINTS (continued)

Number of

Fasteners

0.739 I,800 0"130 4

0.735 i,800 0-130 4

0. 735 I,800 0-130 4

0. 735 I,800 0-130 4

0. 351 i,800 0-130 1

IMV Sense Pressure OR VA

Inlet Port (2 seals)
Common Hydraulic GO VA
Return Pressure
Transducer

Engine Control Open GO VA
Transducer

Engine Control Close GO VA
Transducer

Plugs at Open and OR VA
Close Control Ports
of Control Valve

(2 se_s)
Hydraulic Return OR. VA

Disconnect

Four-Way Valve Sup- OR VA
ply Disconnect
Checkout Valve to GO VA

Hydraulic Return

_rcun_ Facility Line
Gimbal Return Line GO VA

Cover

Gimbal Return Line OR VA
Cover Disconnect

}Iydraulic P_eturn Line GO VA
_o Crossover

Control System Sup- OR VA

ply; _3_aticFiring !n-

st_mmenta_ion (Port
NHIb)(2 seals each of 2

different seals) F AL
Engin2 Control Open_ OR VA
Static Firinginstru-

mentation (Port NH3b)
(2 seals)

0.739 1,800 0-130 4

_._a,_v 1,800 0-!30 4

2.323 1,800 0-130 8

2.448 1,800 0-130 8

0.739 1,800 0-130 4

1.5Z i,800 0-130 6

0.351 1,800 0-130 1

0.2i3 1,800 0-130 1

0.351 1,800 0-130 1

(a) En_i_es not incorporating MD96 or MD9__7 change

@

Figure 2-26. System Joint and Seal Schematic (Sheet i0 of 13)
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R-3896-1 Section13:

Joint Information

ZoneI Code Description

C3 HF-49

C2 HF-5i

C2 HF-52

C2 HF-53

C2 HF-54

C2 HF-55

C4 HG-I

C'_ HG-2M

]_3_i_ HG- 3

C4 HG-4M

C4 HG-5M

Seal Information i
Environment ]

Pressure, Temperature, ! _iun_ber of

psig °F I Fasteners

HYDRAULIC FLUID SYSTEM JOINTS (continued

Engine Control Close; OR VA 0. 351 I, 800 0-130 i
Static Firing Instru-
mentation (Port NH2b)

(2 seals each of 2 dif-

ferent seals) F AL 0.213 I, 800 0-130 i

E_gine ControlValve F AL 0.213 i,800 0-130 i
_o Redundan£ Shut- O VA 0.351 1 800 0-130 1

down Valve (Port

_q{ la)

Engine ControlValve GO VA 0. 182 I,800 0-130 4
io Redundant Shut-

down Valve (in Port)

Redundant Sqmtdown GO VA 0. 182 I,800 0-130 4

Valve _o Engine Con-

trol Valve (Out Port)

Redundant Shutdown F AL 0.213 ,_g00 0-130 I

Valve to Engine Con-

_roi Valve (Override

Port) O VA 0. 644 I,800 0-!30 1

Redundant Shutdown O1% VA 0. 351 I, 800 0-130 1
Valve to Engine Con-
trol Valve (Port NH8)
(2 seals each of 2

differen_ seals) F AL 0.213 I,800 0-130 i

HOT-GAS SYSTEM JOEJT$

Gas Generator Corn- liB GS 0. 451 i, 000 i, 450 1
bustor Drain Plug

Gas Generator Corn- NA SN 8.780 I,000 i,_50 24
bustor l:o 'Iklrbine hilet

Turbine Yorus Tern- NA SN 0. 510 950 _ {_00 4

perature Transducer

Turbine to Heat NA SN 40.755 60 i, 170 i20
Exchanger

Turbine Outlet Pres- NA SN 0.510 60 I, i70 4
sure Transducer and

Hose (2 seals)

Figure 2-26. System Joint and Seal Schematic (Sheet ii of 13)
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ZoneI Code

"i \

Joint Information Seal Information

PresSure,

Description Type Material ID, in. psig

HOT-GAS SYSTEM JOINTS (continued)

C4 HG- 6M

t{3 HG-7

C4 HG-SM

F4 HG-gM

F4 HG- I0

F4 _G-Ii

H4 _G-13

C4 i<4:-i5

C4 HG-i6

C_ :,_._A--18

Temperature,INumuer of '

°F [Fasteners __/

Heat Exchanger to NA SN 23.94 30 1,170
Exhaust Manifold

Thrust Chamber to TP AN (117. i 20 I, 170

Nozzle Extension in lengih
per seal)

GGChamber Pres- NA SN 0.510 I,000 140
sure _Zransducer

Thrust Chamber Corn- NA SN 0.510 i,I00 500
bustion Chamber Pres-

sure Transducer

Th_ust ChAmber Pres- NA CN 0.875 i, i00 500

sa:"_Transducer Boss

Thr...÷;tChamber Pres- KB GS 0.325 I, I00 500

s_ ',_-_aapter Plug
k(,:.::leEx'_ension CR C O.682 20 I, ]70

Igniter (2 seals)
Gas GeneraG)r CR C 0.68_ I,000 i,450

Igniter (2 seals)

Heat Exchanger; Static KB TS 0.451 i, 000 I, 450

Firing Lnstrumentation

(Port TG5A) (2 seals F AL 0.2 i$ i,000 i,450
each of 2 different

seals)

GG Chamber; Static KB TS 0.451 i,000 140

Firing instrumenLation

(Port GGIb) (I K-seal F AL .0.213 i, 000 140
and 2 VSF seal)

6O

240

6

1

i

1

1

1

! \.

Figure 2-26. System Joint and Seal Schematic (Sheet 12 of 13",'

< )
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R-3896-I Section
P,oa-agraphs 2-25 to 2-28

.j/

I

3O

,.$

•2

2oi i

I "

L _-_- PRE-START

l ,
l

oi ,/,!

i:i
;t

i!;!

2 3

TIME FROM ENGINE OPEN CONTROL VALVE SIGNAL, SECONDS

5

Fig_re 2-i0. Hydraulic Fiowrate at Nominal Control System• Values

]

2-;_b The er¢:_ne without thermal insulation in-
_:,:_r_ed, when supplied with required operating

f_ :ids, electrical power, and fuel and oxidizer
?:_: _)eilants, will not suffer detrimental effects
w_: _ exposed to s.r, ambient temperature range
_:_0 ° to 130 ° F for 16 hours, except as limited

_? tl_e freezing point of the thrust chamber pre-
(iii_ fluid.

_.-26. The engine with thermal insulation in-
st_A!ed, when supplied with required operating
fluids, electrical power, and fuel and oxidizer
propellan_s, will not suffer detrimental effects

when exposed to an ambient temperature range
ol 28 ° _o 130 ° F for 16 hours, except as limited

by the freezing point of the thrust chamber pre-
fill fluid.

2-27. GROUI_D HYDRAULIC FLUID SUPPLY

TEMPERATURE.

2-28. Ground hydraulic _luid supplied to the
engine must be ,within a _emperat-ure range of
60 ° to 130 ° F and a pressure rar_ge of i, 400-

I, 800 psig at the customer connect point when-
ever oxidizer propellant is in the engine.

Change No. 9 - 4 November 1970 2-9



SectionIi R-3896-1
Paragraphs2-29to 2-34

2-29, THERMALLNSULATIONCOCOON
EN_qRONMENTAL CONq)ITIONqNG ENVELOPE.

2-30. The recommended thermal insulation co-

coon environmental conditioning external input to

maintain a safe engine starting temperature

within the cocoon ispresented infigure 2-ii. The

heated purge supply should be turned on any time

the ambientair temperature is 55 ° F or less with

oxidizer propellant inthe engine. GN9. supplied
t_o ,.he enzyme interface a_ temperatures andpre$-

sures of figure 2-11and the above conditions
will main_in the temperature inside the cocoon,

as measured on the Environmental Flight Trans-
ducer, at i0 ° F or above when the outside ambi-
ent air iem.perature is 28 ° F or above.

2-31. MASS PROP_7_!ES D_:i_A.

2-32. Weight, center of gravity, and inertia
data is presented in figures 2-12 through 2-20A
to aid in deter_nim_tion of stage-actuator-engine

system combined natural frequency and also to

aid in trajectory analysis.

-o_. WEIGHT STATUS.

2-34. _e figure 2-i2 for the approximate

\_.ei_hts of the engine major compohents and

fijure 2-13 for the current engine weight status.

MAXIMUM ALLOWABLE ENERGY FOR

FLIGHT ENVIRONMENTAL TEMPERATURE = 130 °F

kMBIENT TEMPERATURE = 55 ° F---- 7

{ ENERGY FOR FLIGHT \ I\_ ] I

L EN'i'[R ONMENTAL A I¢ I i
_°_'<_'_PERATURE: _-_o"_"-t,\----/-\ I ! '

]'jjxi7 IENT TEIMPERATURE ? k I i

f_o[ .... _ _+_ON_,_E_AL ".-----7--: '.--4------
. tTEMPERATU"RE= lo°F \ ! \'

_] i \AMBIENT TEMPERATURE = ---- _..

l_ i I\ ,,- ;LOW_A_E: I \ I Z
_J _ k I_5 5 LB/MINUTE i I X I I _

, ! _. i._:_.,."".,7,'>'I/I/1/IlIA ,',,q
! ,k [,OPERATIONAL/l//l/21 I ,

f ""; TEMPERATURE _ I I

t , / I "_. ._o° _" " l

/---F_OW_UrE:I "<- i I<
I I 4.5 LB/MINUTE ! _-_

_ob ...._- 1 .... 1 _'-
[ _----- LEGEND [

i %. i
i ', -- -- CALCULATED DAT,

40 I. +,i, . SEAL TEMPERATURE I I I
! t l L_MIT j
1 ot ', "t I l l i i

i06 140 180 220 260 300 340 380 420

i hNTERFACE TEMPERATURE, °F FI-ll-17A

Figure 2-11. Recommended Thermalinsulation

Cocoon Purge Operating Range Envelope

Weight
COMPONENT (Pounds)

Gas Generator Assembly (In- 218

cluding combustor, injector,
and ball valve)

Heat Exchanger 823

j,, L) i0

l,!Tl

5,237

i, 621

426

138

96

70

90

85

68

81

Thrust Chamber
Oxidizer Dome

Inj ector
Thrust Chamber Body
Extension Nozzle

Gimbal Bearing

Oxidizer System
Oxidizer Valve

No. 1 Turbopump Oxidizer
Outlet Line

No. 2 Turbopump Oxidizer

Outlet Line

Fuel System
Fuel Valve

No. 1 Turbopump Fuel
Outlet Line

No. 2 Turbopump Fuel
Outlet Line

Adapter (Inlet to pump)

Turbopump (Average) 3,150

Hypergol Assembly (Including
container, cartridge, mount,
and ignition monitor valve)

4O

Hydraulic Filter and Four-Way
Solenoid Valve Manifold

39

Interface Panel (Without

connectors)

413

Figure 2-12. Major Component Weight List

2-10 Change No. 9 - 4 November 1970
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R-3896-1 SectionIi
Paragraphs2-35 to 2-38

t f

..J

Item DESCRIPTION

! _- 2 Rocket Engine--Wet

1 + 3 Rocket En_._ine--Burnout

Rocket r,,, q -Dr),

Thrust Chan,ber (including skirt, I, 6211b)

Gimbal }_ear ing
Turbop _ rn b'

Turbol;a::'4) Mount (Including provisions on
T/C, 286 Ib)

Oxidizer System
Fuel System
l_urge Svs_.em
ElecL t,. System

Oimb:.K Supply System
Gas Generator System

Exhaust System (including T/C exhaust
manifold, 826 ib)

Flight Instrumentation

ignition System
Interface installation

Pressurization System (Including heat

exchaager, 823 lb]
Hydraulic Control System
Therm_fl Insulation--Permanent

Thermal Insulation Set (TIS)

2 Rocket Engine Fluids (System Full)

3 Rocket Engine Fluids (Burnout)

_a) Effective on engines F-2079 and subsequent.

Weight (Pounds)

F-2045-1,
F-:2029 F-2043 F-2066 ! F-2090

Thru Thru Thru i and

F-2042 F-2065 F-2089 ] Subs

20,850 20,746 I 20,_G6 ', 20,833

20,431 20, o27 [ 20_,347 _ 20,415

18,682 ; r _'__ " '__ .., ;_i l.tl, fiq8 ib, t<...6

8,508 6, {%('.;_ 8,508 , ,,<',511
467

3,152
342

46?

3,150
342

651 851
646 64G

39 39
83 83

156 iS0

336 336
995 995

249
52

536

I, 022

166
58

1,200

2,168

i,749

146
52

536

i, 019

167

58

i,200

2,168

i,749

O,

2,

467 ,167

).51 3, 1,19
342 3"_2

6._2

39
85

181

336
997

146
52

543
019

i95
72(a)

186

i68

749

653
642

39

85
!81

336
998

52

543

1,029

195

72

1,186

2,217

1,799

Figure 2-13. Engine Weight Status

.i_.-35.

2-36.

axes.

ENGINE COORDINATE AXES.

See fig_are 2-14 for engine coordinate

2-37. CENTER OF GRAVITY AND INERTIA
DATA.

2-38. See figures 2-18 through 2-20A for the
current engine weight, center of gravity, and
inertia data.

Change No. 10 - i6 July 1971 2-11
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Section iI R-3896-1

z \t xo

.A\ \--NO.2ACTU.+a'OR\

AXIS

/----REFERENCE DATUM (0,0,0)
/

%
GIMBAL _
BEARING

NOTE

ARROW INDICATES POSITIVE (+) DIRECTION; Y, X, Z = ENGINE AXES. Y, XG, Z O = GIMBAL AXES.

FI-I-iIO

;

9 1Figure .-_4.

Figures 2-15 through 2-17 deleted.

Coordinate ^":- rv _

Item Description

(1) R:.;cket Engine--

Weight

(Lb)

Dry 20,(2) t_ocket Engine-- 851

, Wet I
(3) (a): V/or Gimbaled 20,837

t Mass

]
Center of Gravity

2c
W =

.2

54. 12

54. 12

Origin of Axes
riches

is System Y _ Z

(__Or_ientation (+) _

• _ 54.3 12.1 12.1

154.9112.31 12.2

(a) Product of Inertia (Slug Ft2): Ixz = +886, iy z : -913, Ixy -966

Moment of Inertia

i .....7- i ', ,
Y i x z

6,822!i7,_.97i 17,_32

7,558 18,841 18,935

7,547 18,687.18,772

Fixture 2-18. Weight, Center of Gravity, Moment of Inertia, and Product of inertia Data
(Engines F-2029 Through F-2042)

• - 2-12 Change No. 12 - 12 May 1972



R-3896-1 Section ii

Itei_i

(i)

[.

__j Description
i+

!Rocket Engine--
Dry

I

i
Weight

I (Lb)

!8,578

(2) Rocket Engine--120,746
Wet

}

. ' ! 20,533(3)("_)i Wet Gimb_ed
I Mass !

[

+__Center of Gravity
--/Inches)

(+) (+) (,)

56.3 11.8 11.8

54.4112.1
!

55.0 12.3

!

11.9

12.1

Axis System "

Orientation

Gimbal

Gimbal

Gimbal

i

Origin of _%xes !

(Inches
Y !X--
(+) I(+)
56.3 111.8 11.8

!
54.4 12.1 11.9

i

• k

i55.0 12.3 12.1

(a) Product of inertia (slug ft2): I = +880, I =-893, I = -961
xz yz xy

Moment of Inertia

! .....,(Slug Ft2) ...........
-2-7 i i _ ]

(+), y i x z
+.... -4
' 6 790 17.448i ,

I

7,529 !18,795
Z

J

J

7,636 18,800
I

17,499

18,901

18,895

Figure 2-19. Weight, Center of Gravity, Moment of Inertia, and Product of Inertia Data
(Engines F-2043 Through F-2065)

/"z 52:=

item Description

(I) Rocket Engine--

Dry

Rocket

(2) Wet Engine--

(3) (a) Wet Gimbaled
i Mass

Weight

i (Lb)

18,598

20,766

20,553

I

Center of Gravity

llnehe _)
_-I x- g
(+)i(+) (+)

56.3 11.6 11.7

54.4112.0 11.9

55. 0112.1 12.0

I

Origin of Axes i Moment of I_ertia
(Inches) (Slu_v Ft ]) ....

Axis system i Y ! X Z i I I I I

Orientation i(+) (+) (+2) _____h_ x_....... z
GimbaI 56. a 11.6 1i.7t6,809117,437. 17,470

1
Gimbal

Gimbal

54.4

55.0

(a) Product of inertia (slug. It2): I = +894, I = -956, ! = -1,033
xz yz xy

12,0

12.1

11.9

12.0

7,548!18,779

7,534 18,625

18,866

18,712

Figure 2'20. Weight, Center of Gravity, Moment of Inertia, and Product of Inertia Data

(Engines F-2066 Through F-2089)

/

Change No. 12 - 12 May 1972 2-13



SectionII
Paragraphs2-39 to 2-46

R-3896-1

Item

(1)

Description

L i
!Center of Oravityi

Weight Y _-- -Z- IAxis System

(Lb) I (+) (+) (+) Orientation

18,616 56.4 Ii.6 Ii.7 Gimbal
Rocket Engine--

Dry

(2) Rocket Engine--
Wet

(3)(a)_wet Gimbaled

i Mass

20,833 54.5

20,620 55.1
l

12.0 ii.9

12.1 j12.0
I

Gimbal

Gimbal

Origin of Axes

(Incl_e,,
Y X

(+1i (+1

56"4II1"6
54.4 12.0

55.1 12.1

(a) Product of inertia (slug it2): I = +899, I = -967, I = -1,046
xz yz xy

11.9

12.0

Moment of inertia

z I I --i ........ ....
(+) Y l X z

Ii.7 6,830 17,537

7,583 18,895

7,569 18,741
1

17,577

18,984

18,830

@

Figure 2-20A. Weight, Center of Gravity, Moment of Inertia, and Product of Inertia Data

(Engines F-2045-I and F-2090 Through F-2098)

/ / i,

2-39. LNTERFACE CONNECTIONS.

2-40. Interface connections shown Contain only
physical descriptions of the interface connect

poin_s_ engine envelope, and engine instrumen-
barton tap locations. For detail design criteria,
refer to F-1 Engine Interface Document,
R-6749.

2-41. INTERFACE CONNECT POINTS.

2-42. See figure 2-21 for location on engine of

stage interface connect points and for engine

servicing connect points.

2-43. ENVELOPE DIMENSIONS.

2-44. See figure 2-22 for engine envelope di-
mensions.

2-45. ELECTRICAL INTERFACE.

2-46. _ee figure 2-23 for the connector num-

bers, connector types, pin functions, and
other characteristics concerned with electrical

i!

interface requirements. Aa] ex2_lanation of the
terminology used is as follows:

Pin ............ The pin letter
assigned is for both
halves of the inter-
face and was de-

rived from the
letters on the con-

nector. Signals have
been referenced to

specific pins.

Functional Description The purpose and
need for the signal
in relation to the
circuit involved.

Origin .......... The source of the

signal.

Termination ....... The terminating or
receiving point of
the signal.

:- :4 Change No. 10 - 16 July 1971



R-3896-! SectionH

• GIMBAL BEARING----_ .

/.---- NO. 2 FUEL VALVE DRAIN

• , \ i /
i : \ _ I / V,_LVEsI..×.<_:.Ia.x_:
e._.__=__ -_ \ _r'-..'__'-->/ / Q_iC_-,,sco_<Nrc'r
-4, ..... ,.L x ,_ 5--" "--@q, _ /

i _ , . ' r,.--- fJ /

QmcK-D_sc.:_,_:,_cT__ .'. ' '(""}' '. .... '7-- ..... " _'

<-_:l<r,_ \_- .... " i b.-<:%.<_\
r " "--_, N, ._c:._ .....

,_......... 2_,---Z-_j "--.<//_.--,-:f_3,-_
&-:.---7,.... ,._____._/¢_,__"- ._, ._., ..'.. ,-_ _ .......

QUICK.DISCONNECT___/ I ./,,_---- x. x \ _'.;x.?u___ nxu_.._u .,.
t / j__. x,,\ SUp_,u¥

_i. /-- ilL_ _Q_ QUICK-D_SCONNECT

_ // • \\
r- .....%,; \ \
i /' quic:K-n'_sco_NEcr

..... " : ' ;;TCHA

JACKET DRAIN JACKET DPdkIN JACKET DRAIN

ADAPTER NO. 1 ADAPTER 1_O. 4 ADAPTER NO. 3

i

i

i?i

ii
i<!

I :i

t

I<

F1 -I -94A

Figure 2-21. Operating and Servicing Interface Connections (Sheet 1 of 3)

Change No. 9 - 4 November 1970 2-15
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Section II

NO. 2 FUEL

PUMP

TORQUE DR_E GEAR

OXIDI ZEH DOME

AND OXIDIZER

INJECTOR PURGE

OXIDIZER DOME

FLUSH PORT

OXIDIZER DOME

FLUSH PORT 2B

NO. 2 FUEL VALVE

PURGE QUICK-

DISCONNECT

NO. 2 THRUST CHAMBER

FUEL INLET

QUICK-DISCONNEq

COCOON PURGE

THRUST CHAMBER

JACKET PREFILL

TURBOPUMP OXqDIZER

SEAL GAS GENERATOR

ACTUATOR PURGE

HYDRAULIC RETURN

NO. 2 GIMBAL

ACTUATOR MOUNT

IGRqTION MONITOR VALVE

QUICK-Dn_CONRrECT

R-3896-1

._OXIDIZER DOME

FLUSH PORT 3

1
HELIUM SUPPLY

NO. 1 FUEL

PUMP INLET

. OXIDIZER DOME

RETURN

QUICK-DISCONNECT

P&:TU RN

DOMI:

FLUSIi PORT 1A

DOME

FLUSII PORT IB

1 FUEL VALVE PURGE

QUICK-DISCONNECT

NO.. 1 THRUST CIfl4J_IBER

FUEL INLET

QUICK-DISCONNECT

GiMBAL SYSTEM

GROUND SUPPLY

NO. 1 GIMBAL

ACTUATOR MOUN_

i GIMBAL ACTUATOH

SYSTEM RETURN

- HYPERGOL

CONTAINER

)

F1 1 32B

2-16

Figure 2-21. Operating and Servicing Interface Connections (Sheet 2 of 3)

Change No. 9 - 4 November 1970



R-3896-I Section !I

NO. 1 FUEL VALVE DRAIN

QUICK-DISCONNECT

GENERATOR BALL

VALVE FUEL INLET

QUICK-DESCONNECT

/

}[YPERGOL

}ZL&N!FOLD PURGE

Q DqCK-DISCOhqqECT _

Q UICK-DISCONNECT_

LJ

IGNITER FUEL LINE

QUICK-DISCONNECT

GIMBAL SYSTEM

ENGINE SUPPLY

NO. I FUEL

HIGH-PRESSURE DUCT

QUICK-DISCONNECT

/

FI-1-95A

.i.......)
Figure 2-21. Operating and Servicing Interface Connections (Sheet 3 of 3)

Pages 2-19 through 2-22 deleted.

Change No. 9 - 4 November 1970 2-17/2-18



R-389B-1 ;':cedo_ H.

F 12.00 SPHERICAL

RADIUS (REF]

/
/

i /
--14.50_'

"-i t4

30.00

t 14.00 ,
_.1 ._ -I- -- <!,

21. O0 '_

! _L_J .. :_ I
\'----GIM73AL CENTER I

(_ _') i

boO0 .......

13.50 RADIUS -_

_A \
\

%

I

1 125. CO

1 D! AM ST Ei{

Z

, :_,% ;,_)

L'.A .,z ..... ",

12. O0

(TYP 2 PLACES)

....... 3.50

I

\\

/
/

NOTE

ALL DI MENSTONS

AYCE IN INCt{EE.

Figure 2-22. . _gire Envelope DimersJen>._

it

,iI

i
11

i(

!<ii

,j

;!

i/i

t¸

%

Change No. 2 - !0 ?_ugm::;t 1.,o9' 2-;_,'b



R-3896-I

i .i
; Signal

i } t Termina-

l IPin_ i,'._ .. ::..;:uJ. D,. scrii)tion I Origin tion
........... ' --_I

COb.;ECTOR ,7- _.8:" <.onn,.._oI' " - equivalent to

;:.n ),,1S3101 R36-10 P with

48 contacts, size

,,j/,<_. i'16

. .q] L;C[;." ct <,' "_"',,, L(_ iqlflke i]_

--- - -i i t _o ODOrate

... ........ j solenoid

,_, '"1:I..-t:<;r.t_o_,2ive closing

" .'o:,: ....:)r Oc_:._" secui'ed.

d,.z',

Z

J
W
! ii"'G

f

K

'.'_ c';)opump Ther- GSE Engine

._c_.t Control

P_., .Va_ge--28 vdc

go :: to :het_mo-

stat co.u:rol

ps. c __apje (input)

f,::,_ "L,:._:_Control GSE Engine

,...re-- C!os in_;

:. ,::r*)id cnergJ_-

._ -;iznai (input)

. _.>:i..-._,.]

J
!

lj Vehicle Power Sta<_ GS t_.:.

Supply-- Prey ides

vehicle power to

GSE (input).

[ 'VOsn,; "c.

,<!nt; <_OilL77ui _._ < :' ,'b{. , '.,f

. a ].7 e- - 22e j;a t iv e C:::,:

.C,]ttlrn fOr O Y)(}li "+

:-:_: :'.rid c),osin{<
Soi <:nC.{ri

k m.n.6ii_ CoP.;t ro L

ua].ve--.N e._.lt iv e

l'O[l!)fi] i'Ol _ operl-

',- sc)le_._oid

_:,i,'.._',_closii: 7

-_-;olenoidto make

:su.'c c,,t,lcon-

,.<.<._c _,, are

_i'CU!'_?G

l-f! ifln,<inc Contrc£

i':_ive .... Negative

:fCY_tl!'li _Oi" O[)('_;']_1 _b

:,olcnoid t _ _'oug_

c.[osip. soh:noid*o

_o make sure both

co_ineotol's are

secured

i,.,

_,-:,ngme Control

Valve-- Opening

solenoid orler-

giz ing' signal

(input)

'QSk ]__]n!.,:ii,,(,

]2 Checkout Valve-- GSE

28 vdc signal to

drive checkout

wave motor [o

engine return

position (input)

q Checkout Valve-- GSE

2_ vdc signal to

,:!:tirecheckout

valve motor to

Su'ound re?urn

position (input)

i_i=_<iile

Figure 2-23. Electrical Interface Requirements (Sheet 1 of 14)

.<--_4 Change No. 8 - 14 August 1968



R-3896-1 Section II

• \ ,/

Pin ! Functional Description

r Checkout Valve--

Signal indicating

valve in engine
return position

(output)

Signal

Termina-

tion

Engine GSE

S Checkout Valve--

Signal indicating

valve in ground
return position

(outpu0

Engine GSE

t Checkout Valve--

Ground return for

motor oi.checkout

valve

Engine GSE

thru

,Y

Z

Spares

Shielded Termina-

tion-- Connects

engine shielding

to GSE shielding

CONNECTOR J- 19: Connector equivalent
to an MS3101R20-33P

with II contacts,
size AWG #16

A

B

Spare

Hypergol Car-
tridge--28 vdc

power to car-
tridge switch
common ter-

minal (input)

GSE Engine

C Hypergol Car- Engine GSE

tridge-- Signal
indicating hy-
pergol cartridge

installed (output)

_ Functional

[
1 Si :=!',__: "

! :C.::="n_ina-
• ";or" • }

Description _, O1 .....nj ticn

D Redundant Shutdown GSE Engine

Valve--28 vdc power

energizing signal
(input)

E Spare

F Spare

H Spare

H Redundant Shutdown Engine GSE
Valve- -Monitoring

signal

H(a) Spare

J Spare

K Spare

• /
(a) Engines incorporating MDI52 change

Figure 2-23. Electrical Interface Requirements (Sheet 2 of i4)

Change No. 9 - 4 November 19'70 2-25



Section II R-3896-1

] Signal

Termina-

Pin Functional Description Origin tion

L Spare

L Redundant Shutdown Engine GSE

Valve- -Negative
return

M

A

thru

D

Shield Termination--

Connects engine

shielding to GSE

shielding

CONNECTOR J-2 O:

Spares

Connector equivalent

to an MS3101R28-12P

with 26 contacts, size

AWG #16

E No. I Thrust OK Engine GSE
Pressure Switch--

Signal indicating

engine is not up to
full thrust (output)

F No. i Thrust OK GSE Engine
Pressure Switch--

28 vdc power (input)

G No. i Thrust OK Engine GSE

Pressure Switch--

Signal indicatiag

engine has devel-
oped satisfactory
thrust (output)

SparesH

thru

U

Pin Functional Description

Signal-Ter milm-

IOrigin I tion
i

V

W

X

Y

Vehicle Power Engine

Supply- -Negative and
return from GSE GSE

and engine control
valve closing solenoid

Spare

Stage

Spare

Vehicle Power

Supply- - lh-ovide s

vehicle power to GSE

Spare

Stage GSE

a Spare

b Shielded Termination--

- Connects engine shield-

ing to stage shielding

d Engine Control Valve-- Stage Engine
Closing solenoid ener-

gizing signal from
vehicle; signal time
duration to I00 ms (input)

CONNECTOR J- I00: Connector equivalent to

A

B

C

D

an MS3 I0IR20-16P with

9 contacts, sizes 2 AWG
#12 and 7 AWG #16

Positive 28 VDC Stage

Power Source for

Primary Instru-
mentation System

28 VI)C Power Re- Stage

turn for Primary In-

strumentation System

Positive 28 VDC Stage

Duplicate Power for
Primary Instrumenta-
tion Valve Position Switches

5 VDC Duplicate Power Stage
Return and Pressure

Transducer Signal Re-

turn for Primary Instru-
mentation System

Engine

Engine

Engine

Engine

©

Figure 2-23. Electrical Interface Requirements (Sheet 3 of 14)

2-26 Change No. 9 - 4 November 1970



R-3898-I Sectionii

>::i

• .q /

:<:i_

/ii

:i

\

. : )

Pi_ Functional Description

Signal

Termina-

Origin tion

E Spares
thru

H

Shield Return for

Primary Instru- "

mentation System

Engine Stage

CONNECTOR J-101: Connector equivalent
to an MS3101R28-21P

with 37 contacts, size
37 AWG #16

A Positive 28 VDC

Duplicate Power
Source for Pri-

mary Instrumen-

tation System

Stage Engine

B 28 VDC Duplicate
Power Return for ,

Primary instru-
mentation System.

Stage Engine

C Positive 28 VDC

Duplicate Power
Source for Pri-

mary Instrumen-
tation System
Valve Position
Switches

Stage Engine

D 5 VDC Duplicate
Power Return and
Pressure Transducer

Signal Return for

Primary Instrumen-
tation System

Stage Engine

Spares
_.hru

J

K Common Hydraulic
Return Pressure

Transducer 80-

Percent Calibration

and Checkout Voltage

Input (D-126)

GSE Engine

L

M

N

P

R

S

T

U

Functional Description

Combustion Chamber

Pressure Transducer

Signal Output (D-8)

Combustion Ch:unber
Pressure Transducer

20- Percent Ca!ib :'_on

and Checkout Voltage
Input (D-8)

Combustion Chamber

Pressure Transducer
80- Percent Calibration

and Checkout Voltage

Input (D-S)

Spare

Spare

Common Hydraulic
Return Pressure
Transducer 20-

Percent Calibration

and Checkout Voltage
Input (D- i26)

Turbine Outlet

Pressure Transducer

Signal Output (D-10)

Turbine Outlet Pres-

sure Transducer 20-

Percent Calibration

and Checkout Voltage
Input (D-10)

ITermina-

tion

Engine Stage

• GSE Engine

GSE Engine

GSE Engine

Engine Stage

GSE Engine

Figure 2-23. Electrical Interface Requirements (Sheet 4 of 14)
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SectionII R-3896-1

Pin

V

W

X

Z

Functional Description

Turbine Outlet

Pressure Transducer

80- Percent Calibra-

tion and Checkout

Voltage Input (D-10)

Q._s Generator

Chamber Pressure

Transducer 20-

:-,,_.._.'cent Calibration

a_-,<Checkout Volt-

_:._ Lnput (D-9)

<_._ Generator

('mmDer Pressure

<'ransducer 80-

pe,,-centCalibration

and Checkout Volt-

age Input (D-9)

.t) ;B.re

n:mon Hydraulic
_arn Pressure

iransducer Signal

%.r_put (D- 126)

.,-bX Pump Bearing
Jet Pressure Trans-

ducer Signal Output
(D-: 3)

.: LOX :__km_pBearin_

Jet Pressure Trans-

ducer 20- Percent
.,_}_Aibration and Cneck-

.ou, Voltage Input (D-13)

d L_)X Pump Bearing
.;et Pressure Trans-
luc er 80- Percent

Calibration and Check-

out Voltage Input (D-13)

SiKnal

Termina- i

Origin tion i

GSE Engine

GSE Engine

GSE Engine

Engine Stage

Engine Stage

GSE Engine

GSE Engine

Pin iFunctional Des cription

e Fuel Pump Inlet

No. 1 Pressure

Transducer Signal

Output (D-4)

f Gas Generator

Chamber Pressure

Transducer Signal

Output (D-9]

h

i

: k

LOX imump Disc_mrge
No. 2 Pressure Trans-

ducer 20- PercenL

Calibration ana Check-

out Voltage Input (D-3)

)-k_ei Pump D_scharge
No. 2 Pressure Trans-

ducer Signal Output
(D-7)

_ael pump Discharge
No. 2 Pressure 'rrans-
ducer 20- Percent Calf

bration and Checkout

Voltage Input (D-7)

Fuel Pump InletNo. i
Pressure Transducer

20- Percent Calibration

and Checkout Voltage

Input (D-4)

m Fuel Pump inlet
No. 1 Pressure
Transducer 80- Per-

cent Calibration and

Checkout Voltage
Input (D-4)

n LOX Pump Discharge
No. 2 Pressure Trans-
ducer 80- Percent
Calibration and Check-

out Voltage Input (D-3)

p LOX Pump Discharge
No. 2 Pressure Trans-

ducel' Signal Output
(D-3)

Signal

Engine Stage

Engine Stage

QSE Engine

Engine Stage

GSE Engine

GSE Engi',_e

_Z ,0:ngine

GSE Engine

Engine Stage

%

\ /Figure 2-23. Electrical Interface Requirements (Sheet 5 of 14)
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?<.}

!!

<,

,J

il

z_

jl

ii;:

Pin

r

R-3896-1 Scctio_ li

S

C

D

Functional Description

Fuel Pump Dis-

charge No. 2 Pres-
sure Transducer

80- Percent Cali-

bration and Checkout

Voltage Input (D-7)

Shield Return

Sig-nal

ermina-

tion

GSE Engine

Engine Stage

CONNECTOR J102: Connector equivalent
to an MS3101R22-14P

with 19 contacts, size
19 AWG #16

Spare

No. 1 Main .Fuel
Valve Position

Potentiometer

Signal Output
(K-7)

Engine Stage

Positive 5 VDC
Excitation for

No. 1 Main Fuel
Position Poten-

tiometer (K-7)

Stage Engine

No. 2 Main Fuel

Valve Position
Potentiometer

Signal Output
(K-S)

E Output Signal No. 1
Main LOX Valve
Position Poten-

tiometer Signal
Output (K-9)

F Positive 5 VDC
Excitation for No. 1
Main LOX Valve

Position Poten-

tiometer (K-9)

G 5 VDC Return for
No. 1 Main LOX

Valve Position
Potentiometer (K- 9)

Engine Stage

Engine Stage

Stage Engine

Stage Engine

Functional Description

H

J

K

thru
N

No. 2 Main

LOX Valve
Position Po-

tentiometer

Signal Output

(K-10)

Positive 5 V DC

Excitation for No. 2

Main LOX Valve
Position Poten-

tiometer (K- I0)

Spares

P 5 VDC Return for
No. I Main Fuel

Valve Position

Potentiometer (K-7)

R Positive 5 VDC
Excitation for No. 2
Main Fuel Valve
Position Potentiometer

(K-8)

' S 5 VDC Return for

No. 2 Main Fuel

Valve Position

Potentiometer (K- 8)

T 5 VDC Return for
No. 2 Main LOX

Valve Position

Potentiometer (K- I0)

U Spare

V Shield Return

CONNECTOR J- i03:

A Spare

B Spare

Figure 2-23, Electrical Interface Requirements (Sheet 6 of 14)

]
Signal

1 ITermi_m-

tion

Engine Stage

Engine Enshrine

Stage Engine

Stage _ngme

Stage Engine

Stage E ..:_,_:._,.e

Engine ::::,:_.Te

Connector equivale_t
to an MS310!R22-14S

with 19 contacts_ size
19 AWG #16

Change No. 6 - 14 August 1968 2-29



Section H R-3896-I

Pin [

C

D

E

G

H •

J

K
thru

N

P

A

S

T

Functional Description

Gas Generator Valve

Limit Switch Open
signal(K-6)

........ :enerator Valve
LLnit Switch Closed

s_g_l (K- 6)

No..1 Main Fuel Valve

.i ait Switch Opei_

::, _al (1<-7)

i'.. i ;Main _'\_ei Valve
Limit Switch Closed

S!'.%a! (K-7)

):io. 2 Main Fuel Valve

Limit Switch Open

S i_unal (K-8)

]/,,:,, 2 Main Fuel Valve

tuft Switch Closed

S:i.gnal (K-8)

_:<,. 2 Main LOX Valve

iLi::_:it Switch Open
Signal (K-10)

;._pares

VeMcle Engine Cutoff
:,_,!¢.).al Received at
_,,._.gine Cutoff Solenoid

:i}k'eference)(K- 13)

Closed Signai, No. 1

Main LOX Valve Limit

Switch (K-9)

No. 1 Main LOX Valve

Limit Switch Open
_ignal (K-9)

No: 2 Main LOX Valve

i,_mit Switch Closed

Signal (K- 10)

Figure 2-23.

Signal

Ori_gm Termina-

tion ___

Engine Stage

Engine Stage

Engine Stage

Engine Stage

Engine Stage

Engine Stage

Engine Stage

Engine Stage

Engine Stage

Engine Stage

Engine Stage

.....-...-..-..%.

l

Functional Description

U Spare

V Shield Return

A

B

C

D

E

T '%"_'/Termina- "

Origin i tion

F

Engine Stage

CONNECTOR J-i04: Connector cqulvalent

to an MS3101R20-27P

with 14 contacts, size

14 AWG #16

Spare

Spare

Turbopump

Tachometer

Signal Output,
(T-l). Sig_ai

frequency is pro-

portional to turbo-

pump angular speed.

Turbopump Tacho-
meter Calibration
and Checkout Volt-

age Input (T-l)

Engine Stage

GSE Engine

Heat Exchanger LOX
Inlet Flowmeter

+Signal Output (T-44)

Engine Stage

Heat Exchanger Inlet
Flowmeter Signal

Output (T-44)

Engine Stage

Electrical Interface Requirements (Sheet 7 of 14)

t!!!_: ?,

i,,,j)
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R-3896-1 SectionII

)

Pin Functional Description

G

H

I

thru

K

L

M

Heat Exchanger LOX
Inlet Flowmeter Cali-
bration and Checkout

Voltage +input (T-44)

Heat Exchanger LOX
Inlet Flowmeter Cali-
bration and Checkout

Voltage Input (T-44)

Spare

%h_% opump Tacho-

meter _Signal Output
(T-I). Signal fre-
quency is proportional

to turbopump angular
speed.

T_rbopump Tacho-
meter Calibration
and Checkout Volt-

age +Input (T-l)

N Shield Return

CONNECTOR J-106:

A Spare

B Spare

KY.. ITem..
tion

GSE Engine

GSE Engine

Engine GSE

GSE Engine

Engine Stage

Connector equivalent
to an MS3101R20-29P

with 17 contacts, size
17 AWG #16

Functional Description

Si<n:¢l

! q'ermh_a-Origin tion

C Turbine Inlet Temper-
ature Resistance
Thermometer Sensor

output(c-3)

Stage Engine

D LOX Pump Bearing

No. 1 Temperature
Resistance Ther-

mometer, Input
Common (C-6)

Stage Engine

E LOX Pump Bearing

No. I Temperature
Resistance Ther-

mometer, Output

Common (C-6)

Engine Stage

F .Engine Environmental

Temperature Resist-

ance Thermometer,
Input Common (C-943)

Stage Engine

G Engine Environmental

Temperature Resist-
ance Thermometer,
Output Common (C-943

Engine Stage

H LOX Pump Bearing
No. 2 Temperature
Resistance Ther-

mometer Sensor

output (c-7)

Stage Engine

Figure 2-23. Electrical Interface Requirements (Sheet 8 of 14)
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Section II R-3896-1

Pin

H

J

K

L

M

N

Functional Description

P

1

iLi
_ S

7

1:7 s

Engine Environmental

Temperature Resist-

ance Thermometer,
Sensor Output (C-943)

Spare

Si0_al" e

Si-. :'e

To. <:me Inle_

l?,::4_p e r at-ur e R e si st-
a__:c Thermometer

Input Common (C-3)

Tarbine Inlet

T_mperature Resist-

ar.:zeThermometer

Ou:put Common (C-3)

LOX Pump Bearing
No ! Temperature
:-..'.-_:_ stance Ther-

_ __;:neter_ Sensor
O-atput (C-6)

Turbine Bearing

Temperature Resist-
ance Thermometer,
Sensor Output (C-8)

_are

Signal

-

Origin I tion

Engine Stage

Stage Engine

Engine Stage

Stage Engine

Stage Engine

Shield Return Engine stage

Si[_al
Termina-

,pin IFunctional Description Origin tion

CONNECTOR J- 140: (I))Connector equivalent

A .Positive 28 VDC

Duplicate Power for
Auxiliary instrumen-

tation System

B 28 VDC Duplicate
Power Return for

Auxiliary Instru-
mentation System

toanMS3101Rl6S-8P

with 5 contacts, size
5 AWG #16

Stage Engine

_._e Engine

C Sphere

D 5 VDC Duplicate Stage Engine
Return and Pres-
sure Transducer

Signal Return for

Auxiliary Instru-
mentation System

E Shield Return for Er:gine Stage

Auxiliary Instru-
mentation System

CONNECTOR J- 141: (b) Co anector equivalent

to an M_310±Ii_o-TP

A Positive 28 VDC

Duplicate Power
Source for Auxiliary
Instrumentation System

B 28 VDC Duplicate
Power Return for

Auxiliary Instru-
mentation System

C 28 VDC Duplicate
Power Return for

Auxiliary Instru-

mentation System

with 47 con:acts,
sizes 40 AWG #16
and 7 AWG i!12

Stage Engine

Stage Engine

Stage Engine

(b) Engines not incorporating MD9_66 or MD9__7 change

©

Figure 2-23. Electrical Interface Requirements (Sheet 9 of 14)
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R-3896-1 SectionIi

/
!ii :._.w

Pit

D

E

F

G

H

J

I{i

Functional Description

5 VDC Duplicate
Power Re_rn and
Pressure Transducer

Output Common for

Auxiliary Instrumen-
tation System

Spare

LOX Pump Discharge
No. 1 Pressure Trans-

ducer Signal Output
(D-2)

Spare

LOX Pump Disclmrge
No. 1 Pressure Trans-
ducer 20-Percent
Calibration and Check 1

out Voltage Input (D-2)

Spare

Output Signal, Engine
Control Closing Pres-
sure Transducer

(D-II)

Spare

Signal

Termina-

Origin tion

Stage Engine

Engine Stage

.GSE Engine

Engine Stage

Pin

L

M

N

O

P

R

T

U

V

W

X

1

Functioi_al Des cription

LOX Pump Dis-
charge No. 1 Pres-
sure Transducer

80- Percent Calibra-

tion and Checkout

VoKaI::_. _fnput (D-2)

Si:_na!

[ Termina-

Origin i tion

GSE Engine

Engine Control Clos-

ing Pressure Trans-
ducer 20- Percent
Calibration and Ch_ c_-

out Voltage Input (D- 1 I)

GSE Engine

Engine Control Open-
ing Pressure Trans-

ducer Signal Output
(D-12)

Englne Stage

Spare

Spare

Engine Control Clos-

ing Pressure Trans-
ducer 80- Percent
Calibration and Check-

out Voltage Input (D- 1 i)

GSE Engine

Engine Control Open-
ing Pressure Trans-
ducer 20- Percent
Calibration and Check-

out Voltage Input (D- i 2)

GSE Engine

Fuel Pump Discharge Engine
No. i Pressure Trans-

ducer Signal Output (D-6)

Stage

Spare

Spare

Engine Control Cpen-

ing Pressure Trans-
ducer 80- Percent

Calibration and Check-

out Voltage Input (D- 12)

Spare

GSE Engine

Figure 2-23. Elec+_ica! Interface Requirements (Sheet 10 of 14)
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SectionII R-3896-1

Pin

Y

Z
a

b

C

d
m

e

f

h

Functional Description

Heat Exchanger
Helium Inlet Pres:

sure Transducer

Signal Output (D-19)

Sp:<re

Heat Exchanger
Helium h_let Pr,:_s-

sure Transducer

Sigrml Output (D-2 0)

Sp,_re

LO ':T i>cmp S.eu
_.._ .:_ Press,21':

..,.. ,..,_ (D- 142]

Helium Inlet Pres-

s_r._ Transducer
20- Percent Caiibra-

rio; and Checkout

Volt_ge Inpu_ (D- 19)

_iea: Exchange :_
l,,:.._ .urn Outlet Pres-

,_.<"_ Transducer

:%4!-Percent Caiiora-
t, :,:. and Checkout

VoY:age Input (D-20)

_i_._,_.Exchanger
,_e..X,_m Oudet Pres-

_ .re Transducer
80--Percent Calibra-

tion xnd Checkout .

Voi_.ge Input (O-20)

LCX Pump Seal Cavity
Prcssure Transducer
20- Percent Caiibra-
t(.<,n and Checkout

:/,_.itage Input (D- 142)

ii___,; Exchanger Gase-

,ou:_ Oxygen Oudet Pres-
sure Transducer Output

Signal (D- 18)

Signal

Termina-

Origin] tion

Engine Stage

Engine St_e

Engine Stage

GSE Engine

GSE Engine

GSE Engine

GSE Engine

Engine Stage

Figure 2-23.

Pin

!

k

m

n

p

Sigmal

i , lTermina -
]Functional Description i Origin] tion

Heat Exchanger Helium
Inlet Pressure Trans-
ducer 80-Percent Cali-

bration and Checkout

Voltage Input (D- 19h

r

s

L OX Pump Seal Cavity
_ressure 80- Percent
.?aAbration and Check-

=,uc Voltage Input (D- ] 4.:_

GSE Engine

G-SE Engine

Heat Excha:,ger LOX Engine
Lulet Pressu_'e Trans-

ducer Signal Output (D-17_,

,_eat Exchanger Gase-
ous Oxygen Outlet Pres-
sure Transducer 20-
Percent Calibration and

Checkout Voltage Input
(0-18)

Heat Exchanger LOX
Inlet Pressure Trans-
ducer 20- Percent

Calibration and ChecK-

out Voltage Input
(D-17)

Heat Exchanger
Gaseous Oxygen
Outlet Pressure

Transducer 80-

Percent Calibration

and Checkout Voltage

Input (D- 18)

Heat Exchanger LOX
Inlet Pressure 80-

Percent Calibration

and Checkout Voltage
Input (D- 17)

t Spares
thru

, z Shield Return
i

Electrical Interface Requirements (Sheet 11 of 14)

Stage

,_.__ Engine

GSE Engine

GSE Engine

GSE Engine

Engine Stage

©
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R-3896-1

I

Pin i FunctioaalDescription

A

B

CONNECTOR J-142:

No. 2 Thrust OK
Pressure Switch--

SignM indicating

engine is n:,t up to
full thrust (output)

No. 2 TJ_rust OK
Pressure Switch--

28 vdc power

(input)

Signal

Termina-

tion

Engine GSE

GSE Engine

C

D

No. 2 Thrus_ OK
Pressure Switch--

Si_ml indicating
en_ne tins de-

veloped satisfactory
thrust (output)

Engine GSE

SMeld Termination--

Connects en_ne

shielding to S-IC
stage shielding

CONNECTOR J- 143: (b) Connector

equivalent to an
MS3101R24-28P

with 28 contacts,
size 24 AWG #16

A Spares
thru

H

_

Pin

J

K

L

M

N

P

Q

R

Function_i f_e scril)tion

Sijnal

Or]!::;imi tion
i

Heat Exchanger LOX
In.let Temperature Re-
sistance Thermometer

Input Common (C- 1 I)

Stage Engine

Fuel Pump inlet No,. 2

Temperature AesL_-
ance Thermometer

Input Common (C-24)

Stage Engine

Fuel Pump h_iet No. 2
Temperature i_e._: fs_-
ance Thermom_ _.,:

Output Common (C-24_

Eni;(ine Stage

Fuel Pump Inlet >,o. 2

Temperature R_ _._t-
ance Thermometer

Sensor Output (C-24)

S_agc Engh_e

Heat Exchanger LOX
inlet Temperature
Resistance Thermom-

eter Output Common
(C-ll)

Engine Stage

Heat Exchanger LOX
Inlet Temperature
Resistance Thermom-

eter Sensor Output
(C-ll)

Stage Engine

Heat Exchanger Helium Stage
Outlet Temperature
Resistance Thermom-

eter Input Common
(C-13)

Heat Exchanger

Gaseous Oxygen
Outlet Tempera-
ture Resistance

Thermometer Input
Common (C-12)

stage

Engine

Engine

(b) Engines not incorporating MD9__6 or MD9_7_7change

Figure 2-23. Electrical Interface Requirements (Sheet 12 of 14)
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SectionII R-3896-1

Signal
}
i Signal

! ITermina-Functional Description Origin tion

Conuector equivalent

to an IriS3i0 IR28-12P

with 26 contacts, size
AWG #16

©!i
Pin

S

T

U

V

W
thru

• Y

Z

I Functional Description

Heat Exchanger Gas-
eous Oxygen Outlet
Te mperatur e Re sist-
ance Thermometer

Output Common (C- 12)

He,t Exchanger Gas-

eo_s Oxnygen Outlet
Te rope ratur e Re sist-
ance Thermometer

Sensor Output (C- 12)

_-_.':_atExchanger Helium

O u_le_ Temperature
_,: sistance Thermom-

eter Output Common (C- 13)

A _,_ Exchanger Helium
O._ tie t Tempe r atur e
Resistance Thermom-

eter Sensor Outlet (C-13)

Termina-

Origin tion

Engine Stage

Spares

Shield Return

CONNECTOR J- 174:

N_,. 3 Thrust OK

7>r,_ssure Switch--

6if_nal indicating
e_%%me is not up to

lu!l thrust (output)

B No. 3 Thrust OK

l_essure Switch--

28 vdc power (input)

C No_ 3 Thrust OK

_'ressure Switch--

Signal indicating

ep4ine has de-

veloped satisfactory

_ust (output)

D Spare

E Shielding Termination--
Connects engine shielding

to S-1C stage shielding

Stage

Engine

Stage

Engine

Engine

GSE

Engine

Pin

CON_NECTOR J-470:

Spare

Gas Generator

Igniter No. 1
and No. 2--

Continuity- che cks

through igniter
links No. 1 and

No. 2 indicating

igniters installed

(input)

Gas Generator Igniter
No. I and No. 2--

Continuity-checks

_hrough igniter links
No. 1 and No. 2 indi-

cating igniters

installed (input)

Turbine Exhaust

Igniter No. 1--500vac

to turbine exhaust ig-
niter No. 1 (input)

Spares

Gas Generator

Igniter No. 2--

500 vac to gas

generator igniter
No. 2 squib (input)

Spare

Turbine Exhaust

Igniter No. 2--
500 vac to turbine

exhaust igniter
No. 2 squib (input)

Spare

Spare

A

Engine
B

Stage

Engine C

Stage O

GSE
E

and

F

G

Engine

GSE H

J

K

L

GSE Engine

GSE Engine

Engine GSE

GSE Engine

GSE Engine

Figure 2-23. Electrical Interface Requirements (Sheet 13 of 14)

©
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2-3896-I S.:c: ....... i.i:

.L

Z

u..(-_ c_nP Description

I Sigi_i
t I.. .

i 'I(?r ]11inil-
I L; _w,

Or_in I "_u.

Gas _<n_ irator

500 Vat:to gas

gener:'.tor igniter
No. !. ,'/iuib (input)

Spare

Turbt: .. i.xhaust

Iznii:.:::,: i c.. i and
No. 2 .... 2..,-Kip.ui cy-
OhOC]<;: • qo", "o" ;:

links N_. ]. and No. Z

in,:t ic;,J.i m; f[:hirers
insta.',le :'. (input)

"ih_rbh_ 2-,maust

NO. 2-- ,;onti'tulty-,

check:)L',rough igniter
iizd<sN(. iand No. 2

irdicati_k_ igniters
installed

Spare

Turbii_ .-._)Lxhaust

Igniter 1,_o. !--
500 vac to turbine

exhausi: ignicer
No. i squib (input)

Slm.r_

Gas G ._.'.rator

Igniter iqoo 2--

500 vae [o gas

ge._erator igniter
Nee 2 squib (input)

Spare

GSE

GSE

GSE

GSE

GSE

Engine

Engine

Engine

Engine

Engine

Turbine E xh,_utot
Y_, ;t ,_" I<o. 2--

500 vac to turbine

exlnaust z_nite-_"

No. 2 sqaib (input)

Spare

GSE Engine

Pin

A

and
B

z :_:].

FullctiO:<.} .J:;ssri, ........ . i(_)t .._,.,.. ii,.:_i'_

a Gas C._rer:ttor ).
niter No. !--5..}i" ,,::_.:

to gas generxte:" _.,-' ;-
_z, ' "

ter No. Isquib (h:,puC,

b Spare

Comnec ts er!_itu; ::l_/,:_

ing to GSE shie iS [: j

CONNECTOr, j- g0(}

C

D

E

F

G

thru
i

C;2).: Er,_ine

/: 117:, (:[X:F <,qi.dV:'-

,_'33 (_. _::::3- ! P

"v:th i., :'c,_<tc*,':S.,
,_,ize 4','.C .<_i6

Spare

Turbopu r <) .iie':te.-

to turoop., ., feate='

No. i (inp_,<

%_rb opu m p H es re.:
No. _ q _z--,_0_ vaC )) :',:V
to turbopump he:: _.

No. l (ii:'.gut)

Turbopt..m.p i-.,;eat e:::
No. 2--208 vacp< w:z

to barb olu.m:q, he_:hez-
NO. 2 f_",,"_

Turbopurnp iIeat;);"

No. 2--2_8 v:;_cp,_ ,

to turbo ,ump hea.

No. 2 (input)

Spare

E ngine

GS}} F, :]ine

C,SE Engine

GSE Eu,j_ne

Shield Termination--

Comuects er4ine

shielding to GSE
shielding

E n<_,,: :.]SE

!!

Figure 2-23. Electrical Interface Requirements (Sheet 14 of 14)
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¢ 2-: "" _ "_'<_

P_ra_;r:-pi_ : 2-47 to 2-49

R-38<6-!

:!-4'7. : .:_,/!TJi_,,IEfT'i'Ai'iON TAP LOCATIONS
(7"..C'C3 _)E),I2KvlCATiON.

2-,i8. . ,.;. _._,u_, DENTIFICATiON SYSTEM.

'I'ai_ loc::U..:::s are shown in fi_)_Ture 2-24. The

(:ode i0¢;:K_./c.ation system is as follows:

(2_ <!,ruSt ch;cn":bcr

, 3i_i'<FL _..,;

..:," t exch'.:[it ,?z

i_);:.i'2rfuel :',/_-:ctlon

.... :,:- p';'essu,,_ propellant

_::_:.'0_ syf i.::_, z,

t.i :. prope.i ;hi

.:oine

•.,::.cai

{

t •

Thu :-:c,::, .:.-:_olumn capital letter designates the
.:-:::.:iiu: _ _" sensed u. the ", __ _,___ a_.ng feature
.:ohm-.,,: ...th _he tap as follows :

:.r.,peli_-nt iaei

•C,?jh-temperature _as

-q, :_drauiic con_roi liquid or helium

_ n,_i temperature

i;....,,_r_ring

' tropeliant oxidizer

':h:._ :- o'_umn number.identifies the tap on

:,r.., _.,,,_-_:_o_ent or in the system.

The fou_tn.--co!umn lower c_se letter signifies
_n<:,re th:u: ")he tap of the same measurement.

:ill!

!iii_

i:i

'!'i ..... ;tit} -ceiumn number signifies that the tap
Ic,<ttim-:. :::; duplicated on both the No. i and
_'_o. 2 _ides of the engine.

2.,-3b Change No. 4 - 13 February 1968

2-40, ..IIC<LEI:IOhlETZ_ CCF:II LL_I?NTIb i£ _

i'iON :_.. Si'2::I,,'_. Acce!eromei:e.'.c loc::_i:::rs :.: :

t;L,,c';.,'n :.n i_.S;.:re 2-24. The c.d,.: :_c::aLl;.<: :, ._
..:i,sten: i._<as f<:,l.lo,,,s:

'7'he ilr::::::-c.;iu_.,::_ ,'*,o*t.q ie:[er d: ,.;:_._=_,_"

majo)c co.n_=..... _ n_ c t- bt:.st:; ! t,f<::o.. : ::_ stem ,._,::
follow s ;

...,_ ':!"",:<_ ci_ambc"

-'°; .o.!r,)bi_tim p

i,i. _.nterface panel

q'he socoF.d-c 3]/azY'..i] _._.....p,_. ..... i: .. _ _:,:_tt::.?i .

medium beth0( seiJsed o:" _]::; ......... , :,""::, ._....,_.
cormected with the tap ._s foK,.,,.'

_z)eT' _"iiU£%'_" " :

The third-column caoit_t! ",e,_ter ,.t_..dirts the

type of rn_a:_uri.ng instrument _.s :.oiiows:

The fourth-column number idenLh.c.; the ta-_ on

the component or in the system_

The fifth-.coiumr. _.........,._e.,.iden;ifie.:._the _xis ser.,si-

tivity of C_e accelerometer.

Pages 2-39 through 2-46 deleted.
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-' "-'.' " 3-39 " Engine influence Coefficients resultfrOm : " : C :';F_ I - Engine thrUSt-i:n0minai value : '

" .... a linear solution Of a set of steady-state equa- _N . "

u tions which describe the operation of an engine, d.
Each influence coefficient is expressed in per-

centage form and represents the effect upon an e.
engine dependent variable of a plus-one-percent value
change in an engine independent variable, Be-
cause the influence coefficients are linear, the f. P
total effect of several influences acting simul- aN

taneously on an engine can be determined by g. Fp

adding the individual effects of each influence, efficient a
A coefficient preceded by a positive (+) sign,

or no sign, indicates that an increase in the gA
independent variable results in an increase in

the dependent variable; a coefficient preceded gB.
by a negative (-) sign indicates tt_at an increase value
in the independent variable results in a de-

crease in the dependent variable. Figure 3-39 gC. TFNcontains sets of the current predicted engine

influence coefficients and, when calculations gD. F T
are required, these sets may be used. Para- efficient F
graphs 3-39 through 3-43 describe the use of
the engine influence coefficients using the
formula

_ _ p
FE FE. Pa a i

"1

P
FE N a N

(Fp)
a

T F - TF.
1

TF N
(FT F ) +

PF - PF. PO PO.

1 (F) + I(F )+
PFN PF PON P O

PF "" PF. PO- PO.

1 (Fp)+ 1 (FPo)
F

PF N PO N

when the quantities are defined as follows:

NOTE

The values in g, k, and o are from
the inf].uence coefficient _..bles

(figure ° Y_'o-,.:_),

P - Ambient pressure--actual value
a

P = Ambient pressure--initial or base
a.

1

= Ambient pressure--nominal Value

= Ambient pressure--influence co-

T F = Fuel temperature--actual value

TF. = Fuel temperature--initial or base
1

= Fuel temperature--nominal value

= Fuel temperature--influence co-

h. P F and 00 = Fuel (F) and Oxidizer (O)
density--actual value

i. PF. and PC). = Fuel (F) and Oxidizer (O)
i 1

density--initial or base value

j. O FN and po N = Fuel (F) and Oxidizer (O)

density--nominal value

k. FpF and FPo = Fuel (F) and Oxidizer (O)

density--influence coefficient value

1. PF and Po = Fuel (F) and Oxidizer (O)
pump in'let pressure--actual value

m. PF.
1

pump inlet

n. PFN

pump inlet

and Po. = Fuel (F) and Oxidizer (O)
1

pressure--initial or base value

and PON = Fuel (F)and Oxidizer (O)

pressure---nominal value

o. Fp and FPo = Fuel (F) and Oxidizer (O)F

pump inlet pressure--influence coefficient value

a o F E = Engine thrust---actual value

Change No, < -- 4 Novernt'e:," J 9'70 ,,--.3<,
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GOX RETURN DUCT A

HELIUM RETURN

DUCal

OXq DI Z ERu CT___ _ \SUPPLY

}IELIUM SUPPLY _

\ '_A

' f " ":i

III I!f
i,'1 _!t r,_

i

....... i,i

i, i!l _,,

_,_]._!! •

i_lII!l i,:,_

Etl ti; iii_!

!_! !!" r_;l!!

ii ii:i

_a.@- V l

HEAT

F

NH2b

-- NH2a

A / ' -- ENGINE CONTROL VALVE

NHIb

_ O.'_ DI ZER PUMP

SEAL CAVITY TUBE

)POTb

2 FUEL INLET FLBOW

2 FUEL VOLUblE

}MZAS-Z

PFIO

K i.". a - 2

,]•/

"_'---NO. 2TURBOPUMP FUEl,

OUTLET LINE

"NO. 2TURBOPUMP

OXqDIZER

OUTLET lINE

H

HO2

HO5

HO3

HHe

/ \ \ _X----@ HO4"

\L®Ty°'
__ k--.-(_ HH3c

DETAIL Z

FI-I-96A

ii

ii

Figure 2-24. Instrumentation Tap Locations (Sheet 1 of 8)

Change No. 9 - 4 November 1970' 2-47



Section II R-3896-I

> i!::

• i_!:i

l::i

I'!

i:i

!:i
I

•}ii

 ii!i

i?

H
i: i̧ I}

:: i_i!

!:i

i

?i: " i

UPPER COh_ECTOR PANEL

CZ:_a;,_ YI

CZAg._Y (

CF2c

CGid

CZAS-Y

_CGIc

DOME

GAS GENERATOR

OXIDIZE/R FEED LINE

GOlct

CFIx

COl&

CF2a.

CG3b

, CZAI-Y

COle

CZA3-Y

tCZA2-Y

CF2b

_CGlb

_CF2d

ICZA4-Y

'IF2

IF3

HYPERGOL MANIFOLD

i
{

i
I
I

.I

2-48

Figure 2-24. Instrumentation Tap Locations (Sheet 2 of 8)

Change No. 10 - 16 July 1971
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Section L R-3896-1

/ :' [

(

ii'i

i:!_ ,

I

i

_:iiI

i!,

ij

NHo_--,
k

GROUND SUPPLY LINE --_X

z.,k\

,_ --J_-<,_>r _................ ---_ F.
...._ F,_<_ ../_ -_ , _,_._

%,--_FV -r ---m7

PO3- t,

.XO. " OX._DIZER Li_NE

SECr:O.,_S.E
(SH"CE_"_)

[----_ MZA_-Y

\ !o/

w_w A-A
(SHEET 1 )

V-" NO. 2 FUEL

INLET ELBOW

KF60-2 (_) ----_.>.

s_cr_o_C-C
(SHEET_)

POTb

\o _ o___._o_ OXIDIZER

PUMP SEAL

CAVITY TUBE

H01__ ,_HOib

Ho,o(_--..\ I FO_'-=_E_
_ _ / SUPPLY

_'_.V-_/_ _uc_

secnoN F-F

HO4b___ EET(SH I } /---GOX RETURN

HH3___ . HH3c

wew B-B secz_o_ _-,_
(SHEET 1 )

(SHEET I)

FI-I-4A

" ff

©

2-50

Figure 2-24. Instrumentation Tap Locations (Sheet 4 of 8)

Change No. 9 - 4 November 1970
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i!.

4

t

/fix

COlb-2 j_;_

WEWT-T

(SHEET 3 )

NO. I FUEL INLET ELBOW- 7

/

_Fo.-,®__ /

VIEW U-U
(SHEm" 3)

(SIIEET 2)

/

vIEw J-J . " "

,s=,..,
COIB-I

/ ,
// ._-' x'__ Ix),,v E _ CONN FCT OR

/-%

/ " P AN E L

,','_, '9. _",

WEWR-R
(SHEET 2 )

PZA2-Y @ _--,_

_C_ _FUELINLE T _ "

VIEWN-N M-NI X---@pZAS-y
(SHEET 2) VIEW -

(SHEET2)

WEWX-X
(S_EET3)

L_2@---X.
LS1 @----.- "-. _ L83

WEWS-S ooi, m_--/ WEWK-K
(SHEET2) (SHEET_)

PZA9-Z @---_/

PZAS-Y @

w_w L-L
(SHEET 2)

PZAIO-X

FI-I-98C

Figure 2-24. Instrumentation Tap Locations (Sheet 5 of 8)

Change No. 12 - 12 May 1972 2-51



Section II R-3896-1

!i,i

_, i)__ _

i!_!iTi

,<
f

Item Tap Item Tap

No. 7_o. Description Type ,No. No. Description Type

5(a) PF2a-1 Fuel pump dis- Flange

charge No. 16(e) PF2b-I Fuel pump dis- AND10050-4

charge No. 1

? PF2a-2 Fuel pump dis- Flange

charge No. 2
8 PF2b-2 Fuel pump dis- AND10050-4

cn._z'_e No. 2
,3 PF3a-! No. i fuel valve RP260-1001

i.n]et

ii PF3a-2 No, 2 fuel valve ANDI0050-4
inlet

13 _f ia _"u_i ma:nf,,L_ RP260-1001

_= CFi,) "" .nt_nifo_d R_')aa _0n_

.5 ,".!F_ c ._,:.,',Jo [d RP260-1001

16 F-.d .... n_nifohi Flange
i7 .(F6a-1 _., ;un.:; =Zc.t Flange

18 /_F$ib-1 _. p,_..__pinlet RP260-1001
iqc. i

l_ _:F2a Fuel iffj ection RP260-1001
20(h) CF2b Fuel injection RP260-1001

21 CF2c Fuel injection RP260-1001

::,.,_,CF2d Fuel injection Flange
,3_,_JKFSa-2 Fuel pump inlet Flange

No. 2

Z_(c0 KF6D-2 Fuel pump inlet RP260-1001
No. 2

25 PO2a- 1 Oxidizer pump Flange
discharge No. 1

25 ii?O2b- i Oxiaizer pump AND10050-4
disc}mrge No. 1

_-r s .27 2_a-2 Oxidizer pump Flange

disctmrge No. 2
t i

28_ej PO2b-2 Oxidizer pump AND10050-4
discharge No. 2

29 PO3-1 No. 1 oxidizer RP260-i001
valve inlet

30 ,°03-2 No. 2 oxidizer RP260-1001
valve inlet

31 '7,O3j Oxidizer injection AND10050-4
32(b) CO3b O:ddizer injection ANDI0050-4

33 <,O3c Oxidizer injection AND10050-4
35 COlb-1 Oxidizer dome RP260-1001

inlet No. 1

3? COib-2 Oxidizer dome RP260-1001

inlet No. 2

(a) 7 :gunes not

<b) :2:4gnes not

(c) i/_ngines not
(d_ }i!nginesnot

(e) f!ugines not

if" l;ngines not

38 CGla Combustion

chamber

39 (e) CGlb Combustion

chamber
40(c) CGlc Combustion

chamber
41 (e) CGld Combustion

c il,'lnlb er

46 GFI Gas /_eneraLor
fuel valve inlet

50 TG4a Turbine inlet

(manifold)

51 TG4b 5%rbin e ir.!et

(nmmfold)

52 TO5a, Turbine outlet
5:{ TG5b Turbin<, ovKet

d0(b) GGla Gas gc:er.._i.or
chal!! :::?

61 GOlb Gas ge.._.er aw.c
chamber

62 GGIe Gas _enera_o_
chamber

_3 GG2a Turbine inie _4(f) GO2b Turbine inlet

65 PF9 Fuel scai c_,vit_ _

66 PFI0 Fuel impeller
• back casinK

77 (b) NH4 Engine cena: _.

• system return
80(b) NH7 Ignition monitor

valve outlet

81 IF2 Fuel igniter
valve _niet

82 IF3 Hypergoi con-
tainer inlet

85 (a) HH3a Heat exchgmger

helium outlet
86 (a) HH3b Heat exchanger

helimu outlet

87 HH3c Heat exchanger
helium outlet

88 HH4 Heat exchanger
helium outlet

89 (a) HOla Heat exchanger
oxidizer inlet

90(a) HOlb Heat excl'_ger
oxidizer inlet

incorporating MD96 or MD97 change

incorporating MDI40 change
incorporating MDI77" change

incorporating MDI46 change
incorporating MDI41 change

incorporating MDI76 change

RP260-100i

RP260-1001 1

RP280-1001

RP2(_0- i001

RI)260- i001

Fhmge

RP2O0-1001

RP260- LO0 i
RP2G0-1001
I_P2GO- i001

AIND10050- 4

RP260-100 i

R!:"260- I001

RP280-i001
MS3.3656- 5'

MS33656-5

t_P260- i00 i

ANDI0050-4

ANDi0050-4

RP2G0-100i

Flange

FlaJ_ge

RP260-1001

RP260-1001

Flange

Flamge

,P
f

\._

Fig-ure 2-24. Instrumentation Tap Locations, (Sheet 6 of 8)

Change No. 7 - 18 August 1969



R-3896-1 SectionII

!_i_!i_7_.

{

J

Item Tap ! Itein Tap

No. No. Description Type No. No. I)escriptio,_ Type

124 (a) KF6c-2He Ic

He2

He3

Heat excl-anger
oxidizer inlet

Heat exctmnger
oxidizer inlet

Heat exchanger

RP260-1001

RP260-1001

RP260-1001

Fuel pump _nlet
No. 2

125 KF6d-2 Fuel pump in!m
No. 2

126(d) KF7a-2 Fuel pump inlet

9t

92

93

94(a) IIO4a

95(a) HO4b

95 HO4c

_01 LSI

_ LS2

i_3 LS3
/ ,,i(b) CO2c

::.; :_ C03h
._.)6(b)CO3k

16'_ (b)CO3m

!08 CGle

,09(a)HH2a

iii TG5c '
1i2(d)PF2c-i

113 PF2d-I

114 PF2c-2

/a)NH2a'!6"£

li7(e)NH2b

ll8(a)NH3a

!lg(e)NH3b

k20(C)NH5a

121 NHSb

122 NH5c

123 KF7a-I

GOX outlet

Heat exchanger Flange
COX ,_'_'t.!,.,.t

i-hint exchanger Flange
C<)X outlet

Heat exchanger RP260-1001
GOX outlet

Bearing No. 1 MS33682-5

}5earing No. 2 MS33682-2
Turbine bearing MS33682- 3
Oxidizer manifold AND10050-4

Oxidizer injection AND10050-4

Oxidizer injection ANDI0050-4

Oxidizer injection AND10050-4

Combustion Flange

chamber

tteat exchanger Flange
helium inlet

Turbine outiet Flange

Fuel pump dis- RP260-1001

charge No. 1
Fuel pump dis- RP260-1001

charge No. 1
Fuel pump dis- RP260-1001
charge No. 2

Engine control Flange
closing
Engine control RP260- i001

closing
Engine control Flange

opening
Engine control RP260-1001

opening
Common hy- RP260- I001
draulie return

Common by- RP260-1001
draulie return

Common hy- Flange
draulic return

Fuel pump inlet RP260-i001
No. 1

NO. 2

127 GGld Gas generator
chltllll)i'_

128 GF2a Gas _;e_a_r:n.cr

fuel i:_jc, _icm
129 GF2b Gas g_.m:r,_tor

fuel inj e <:t.io.:_

130 GO2a Gas g cner:uor
oxidizer ini e_:d(.,n

131 (b) GO2b Gas generator

oxidizer ir.j ection

131A GO5 Gas gene-'ator
exidizer h_!.et

132 GOla Gas ge,_erator
valve inlet

133 GOlb Gas generator
valve inlet:

134 NHO Ground hy-
draulic supply

135(b) He5 Heat exclumger
CK)X outlet

136 HH2c Heat exchanger
• helium inlet

137 LBIa Oxidizer pump
bearing jet

138 LBIb Oxidizer pump

bearing jet
139 (d) P02c-I Oxidizer pump

discharje No. i

140 PO2d-I Oxidizer pump

discharge No. i

141 PO2c-2 Oxidizer pump
• discharg'e No. 2

142 (a) IK)7a Oxidizer pump

seal cavity
143 PO7b Oxidizer pump

seal cavity

144 NHia Control system
supply

145 NHIb Control system
supply

146 NH8 Control system
override

(a) Engines not incorporating MD96 or MD97 change
(b) Engines not incorporating MD140 change

(c) Engines not incorporating MD177 change
(d) Engines not incorporating MD14__fi6change

(e) Engines not incorporating MD141 change

F ] a n [,;e

i{P280- I001

RP260- 1001

Flan!4e

i{ P2,,](: -.-1001

!_P260- I001

RP260-1001

x_!)2(J0-i001

f<]P260-1001

AP280-!001

RP2G0-1001

f{P260- i001

RP260-!001

]_P260- I001

Flange

]:{:P260-100i

RP260- i00!

RP260-1001

RP260-1001

Flange

RP260-1001

AND10050-4

AND10050-4

AND10050-4

Figure 2-24. Instrumentation Tap Locations (Sheet 7 Of 8)

Change No. 12 - 12 May 1972 2-53



Section ]I

Paragraphs 2-50 to 2-53

R-3896-I

Accelerometer

Item Tap Measurement

)_o. N,:. Description

Direction .of

Sensitivity

Axis)

Accelerometer Dir ec:?:_

Item Tap Measurement Sens:.< vity
No. No. Descrip_on tA,::i;: "

201 C Z,_I-Y Oxidizer dome

position 1
202 C Z..i2-Y Oxidizer dome

position 2
203 CZA3-Y O_:i_zer dome

p esi__on 3
204 CZA4-Y OMdi z_r dome

205 ,_ZAS-_ C:<,_ze_" dome

,j_ _=tion 5
206 CZA6-Y C,.u_dizer dome

•_.)si,-J on 6

207 C ZAT-X (, Adizer dome

position 7
208 (..LA8-Y Oxddl _r dome

posi<: _,n 8
209 .:'_Ag-Y Ox:;_. zer dome

210 < ZA10-Y Oxidizer dome

position !0

211 PZAI-Y O_adizer pump

inlet flange
212 PZA2-Y E._,ow to inlet

flange fuel
• pump No. i

213 .:_A3-Z Elbow _e inlet

flange Mel
pump No. !

2t4 !_ZA4-X Elbow to inlet

fiang_,fuel

pump No. i
215 PZA5-Y Elbow to inlet

flange fuel

pump No. P-

Y

Y

Y

Y

Y

Y

X

Y

Y

Y

Y

Y

X

Y

216 PZA6- Z Elbow 'to inlet _

flange fuel
pump No, 2

217 PZAT-X Elbow to inlet /:

flange fuel

pump _No. 2
218 _-,_,,_o _ ..r..,..-_o- _ Boss of f_e I X>

pump i_L_u_iu.:_
219 PZAP-Z Boss of fuel Z

pump housing

220 PZAI0-Y Boss of fuel X

pump housin{_

221 MZAI-X Interface panJ! Y
Support No. i
side

222 MZA2-Z _n_ :mcupanel Z

Sul; :,::rt No. 1

side

223 MZA3-X Interface panel X

support No. !
side

225 MZAS-Z Interface panel Z
support No. 2

_ide

Figmre 2-24. Instrumentation Tap Locations (Sheet 8 of 8)

2-50o £OINT AND SEAL DATA.

2-5i_ SEAL DESCt:LIPTION°

2-52. Eizht types oi seals are used in the en-
gine systems. Typical use of the more uncom-
mon _;ea!s are shown in fi_-are 2-25. The fol-

!owin:g :._aragraphs describe the various types

of sea,,_ and their applications.

2-53. NAFLEX SEALS, The Naflex seal (see

:2,4_._re 2-25) is a pressure-actuated, U-shaped
seal \vid_ the slot opening radially inward. The
_eo_,:.,oe: i:he U act as springs to preload the seal

:-=:o &i: _L_the flange, The leg tip is covered
with a thin teflon film for cryogenic applica-
tions or a soft copper or silver plating for

high-temperature applications. The film or
plating deforms plastically at ambient tempera-
tures to conform to flange surface irre_ulari[ies

Loading of the seal tips by the spring legs effects
a seal at io_2 pressures and also compensates

"_ " O"for fmnoe separation due to increased pressure
and differences in material _hrir_kage caused by

temperature changes. On doable Naflex seaLs_
the heel of the seal is also teflon-film-coated

or copper- or silver-plated. The cavities on
either side of the heel, formed by the two seais,

are connected by small diameter holes. The
cavities are then ducted through the flange area

to provide leakage monitoring capability for the
seal.

2-54 Change No. 9 - 4 November 1970
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,_ NO LE SEAL
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_._ I
i
I
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K-SEAL
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BEFORE FAST gh'INO i

i
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i
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Figure 2-25. Seal Application (Typical)

,?i

;,,fl

!I
!

!?

(
:li! ::

:!j!!:
q ,

<i!

flail

 iii!

t

2-54. GASK-O-SEALS. The gask-o-seal (see dynannc joints in fuel _md hl,.,drat.]icapplica-

fif2,Ji'e2-25) is a metal plate with a rubber seal tions. The seal • _:-',qo _nl....z__,lis ]%_ma N c:<cept

:folded it-toP groove in the plate. Sealing is where the seal will be expo_.{o<,t( i:richloro-

accomplished by initialcompression Of the rub- ethylene; then the material is Vi{:onA. Seaiin 5'

bet between mating fkmges and extrusion of the is effected by compressn_!: the soa] })eiv,,c<m
rubber by the pressurized fluid. The double ......

gask- o- seal consists of a metal plate with rub-

be,' seals molded into hvo grooves in the plate.
The cavities on either side of the plate, formed

by the two -rubbe-< _ seals, are connected by small
diameter holes. The cavities are then ducted

%hrouzh the flange area to provide leakage moni-
toring capability of the seal.

2-55. K-SEALS. The K-seal (see figure 2-25)

is _ metal seal coated with teflon for cryogenic
applications and silver or gold plating for high-

temperature applications. This seal is used
only on small threaded joints where flange sep-

aration will not take place since the leg move-
ment of the K-seal is limited.

2-56. O-RING SEALS. The O-ring seal is an
elastomeric rubber seal used for static and

matinz parts on installation; the t_.re.ssurized
• Y- " -_ c, ' "fluid also extrudes the seal a_a_,,,t the m::ung

parts.

2-57. ASBESTOS SEALS, Two t)/p_.s of asbes-

tos seals are used for hot-_as applications ai

the nozzle extension joint. The the_:mo<:ore

seal, consisting of two wrappings of .'./,o-men
asbestos rope_ is installed in the nczzle rx_en-

sion flange and depends on a high uniform flange

preioad to provide a good seal. On engines in-
corporating MD135 chan[e, an asbestos gasket

(tadpole) seal replaces the thermocore seai be-
cause of its greater resiliency. This seal con-

sists of Rvo wire-mesh rin_s covered with as-
bestos cloth. During nozzle extension installa-

tion, the large ring is compressed in the flange
groove, and the small ring between the mating
flanges.
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2-!%8. COPPEI{ C.OJSH SE/-tl.S. "the copper
c:'ush seal is a soit--_ae['ai-tyi_ewasher. ,Joints

,,<"u_<},,[]:istype.of seal have m,.aehined slmrp

circun:fe_'entia]ridzes to obtain iP,creased unit

]o_tdinB ,ofthe seal. S<-:din<is achieved by pre-

loading the seal between: two flanges. This type

of seal is used for high-temperature applica-
tJ ous.

2-55. /'i,A:IED SLAT,g. The fl::r<<i seal con-

sists <.1: macrdneu, f,:::::m;le_=_._:'eGfittinEr

welded I:ca tube e;td. a e<uplin2f nut on the tube,

and a matin:itmale c{:mr,ec_or. The coupling nut
n_ato,t._.,,ith[n extei'na? shoulder on the flared

fittinL Scaling:,:is :u:hieved behveen the nose of
tLe _'.,,:le com_ector and the macki::ed flare as

the eom_ector nut is tightened on the male con-

hector.

2-60. SPiTtAL-\VOCYD CASKE'?S AND METAL

O-RIN(}S. The sl/tr::i--w{_u'}d (splrotailic) gasket
consists of a spir:,,ii) wound steel ribbon, of

c_;:evroncross-seciiona.l s],npe, with copper or
teflon .L_.l.erbeb, een tu:'ns_ 'Flu:seal is used in

the ibr_:::::,eimmber o:adizar dome-to-injector •

join L. The metal O-tin?; _{e_A is used in the
_hrust "i,;,._berbody- to-injoctet joint _md pro-

./idesL :;,::_i be_-ee_, fuel and hot i_as.

2-6] _ ..':)]:NT AND SEAL IDENTIFICATION.

2--6;-',
in fJ -
for .'_:_

R" ::;4 :',

_].,. ,

.] ,:'_" i:

•':e locatiorti-:of sys[en_ joints are shown
;- 2-26 znc_ ?.-27. "l{efer to R-3896-3

m".,'_i a_d in_.,.aiL_tion torque values m_d

when order,,tg seals.) The schen_accs
i_tld each _,:.!LIS [Lssi,_]leG 2_ t.uu_ nLi)ii-

,,i in identi,"t,-:.do_ :_nd cross-reference

behv< , ,.inch .,_cae;_;_t.< ,.udits ]e_:e,ud. The

toe<.,u, __ation _(t_m,-z¢:s_ne type of fluid used

al _: ,. "cqlfic joint, ]oca<_o': of the joint_ and if

the j .,tseal leakage can be monitored. Fluid
ic: _ _":.aliensare as follows: O, oxidizer;

F ,,, JiF, hydr_t.ulicfuel; iIG, hot gas; H,

'_,:.1!,,_: aud N, nitrogen. For joint location, D

d,;s:__ ;_::es drain joints. Le,_dcage monitoring

po:,:'_.:s _::e indicated by _m M. The seal type and
mat<,, _,i codes used in tl_e legends are as rel-

ier, ._

Crush seal

Flared fitting
Gask-o-seal

K-seai

Nafiex seal

O-r_n_ seal

Spiroud_iic seal
h_._AO_O_e se3.]

Tadpole sea].

M'ttc :'ial ideniif:.,, :,_t:_on

Mate:<ial

Aluminum

Asbestos

_'ksbestos - rubber

Asbestos - inconel

Buna N

Copper

Copper-plated nickel b:.se

Silver-plated nickel base

Stainless s_e_l

Copper-plated stainiess steel

Gold-plated stainless steel

Silver-plated stainless steel

Teflor._-fillstainless steel

Teflon-coated steel

Viton A

Ct,:
F

G()

KB

$£,

i'P

C 0 _{',:!

AL
L

A]>{

Ai

C
Ci<'

Si<_
S
CS

<'-S

SS

S'7"(;'

'iS

V

,.-56 Change No. 7 - 18 August 1969



696I _snZnv 81 L "olq a2u_..O _-Z-T
L !

• i,¸

q_!m oIO_dooo_ z o_uf pu_-) auo __ p_._apIos pu_
oq._ 07 s:!.mOJF) ..tel._uh ! o_q. eti7 7oouuoo o] po2t.nb pocttut._o oqn B I_BOm _¢7o ::?s!:suoo @.tn],:_n.r_ -_i_;u._oB

ut._.tu _ "AIqu_oss_ q.F'J:_s 7uetueI--O-I_np _ 'se_eaIS _ou uo._suaTxo alzzou _rf7 u_ sosseq t_ peI!msu_

puo :.;-;:._oK,_!o :._::i,I, "su[d ]a_uoa !=a_..r4oaie _.no7 e_ ,s._ol_uZ._ oaxL "uov;ur)Gxe c-,[zz( u : ,.m :U s_

rtq-I "i v

OVA 00_ %IL'f&i!_.OI70v.LqOA-IIDIV

, t-" T":!] DX" :+i,',\

• :i

eTu:.;-f _o.ff._oeL,( ! "c8-I "'_'-_ -• _. . ,: ,.--_.>.L._.

:. :,.tTg -0 ---]

"<<_'--.... ' \r_t '<3"v ti ....kl,[-O" -'- _ ........ ":
.... <,,,_ _ • _',:.

Y_ : D-" '_ _ b'::::_'7,, ;","._L-_<?"'_'_77. "x

" / " _\ / _< C-_-_-_k "''_::" " _ +'_////2;_........

,/ i , ,.....
, ,, c""<':-',.._.,,3,//55j7,".? Y; _lie! 7i(( ,i S'H? c- __._/ " / ' ': _.... _-c.eJ_.._.z./

_',,::" _' "OD U_ff-- / d"

_f.-(-,o,? S'qT r uo_.._aoS



R-3896-1 Section I

Paragraphs 1-61 to 1-64

four _"eceptacle pens. W]mn an electrical
stimulus of 500 vac is impressed on the ig-

niter circuit (BD), the diode is triggered

allowing a nominal 4.5 amperes of current to
flow '._nd ignite the squib. The flame and hot

particles from the squib ignite the main
pyrotechnic charge. The burning of the main

charge severs the link wire imbedded in the
char_4e within 200-800 milliseconds and con-

tinu_,._ burning ",- $. 5 to 9.5 seconds. Seve=-ing
_;i _:.., .gn.te,," _i: . .,:_ze provides a positive

si:,:_ _o the #n;_i.._e electrical control system
th:_, d_._ igniter i,,.s functioned satisfactorily.

Wh(:n 250 wtc ,:;r less is impressed on the
squib circuit, the diode prevents current flow

and the igniter will not fire.

1-81. (3AS GENERATING SYSTEM DESCRIP-

The ga,_ _<ene_,'ating system provides the
in_: L-hal power ,'equired to operate the engine.

Uti_:Ang tank-head energy from the vehicle,

the _as generating system develops sufficient
power to start the engine and changes to its

rated power level of operation by using a
pc,:c_ion of its own output (bootstrapping). The

ime,_'nal power is generated by tapping propel-
i,.'Lts from the high-pressure ducts and directing
[i,,em to the gas generator where hot gas is

pr,_duced to power the turbopump. After im-

p;tc, t ing the two-stage turbine, the gas is
zu:_ _,er utilized by a heat exchanger where
additional heat is extracted to condition the

::a_;es used for vehicle tank pressurization.

The now relatively cool gas generator exhaust
:,,as is directed into the lower section of the
thrust chamber to provide film cooling of the

double-wall portion of the nozzle. Orifices in
i!',c propellant ducts to the gas generator control

mc power level of the system to provide a
constant mass flowrate to the thrust chamber,

thez-eby insuring a constant thrust output. Gas
generator leading particulars are listed in
fig-are 1-27.

!-63. GAS GENERATOR DESCRIPTION.

1-64. The gas generator (figure 1-28) is

within a basic envelope 18 by 24 by 28 inches

and weighs approximately 220 pounds. The gas

generator consists of a dual ball yah, e, an
injector fuel inlet hou._in,,'__ tee., an mtL,_,',,,,-al

oxidizer dome and injector, and a combustor.
Six types of seals are used in the gas

generator: sih'er-plated stainless-steel
Naflex and K-seals and copper crush washers
i'or hot-gas applications, Teflon-coated steel

K-seals for cryogenic applications, and Buna-N

O-rings for fuel applications.

Combustor Le:_pe_,_cure

Tmjeetor end pressure
Oxidizer flowrate
Fuel flowrate
Mixture ratio

Combusto:" pressure
drop

Injector pressure drop
(oxidizer)

h_jector pressure drop
(fuel)

Gas generator ball
valve pressure drop
(oxidizer)

Gas generator ball

valve pressure drop
(fuel)

Orifice pressure drop
(oxidizer)

Orifice pressure drop
'(fuel)

Line pressure drop
(oxidizer)

Line pressure drop
(fuel)

Gas generator ball
valve open time (switch
to switch)

Gas generator ball
valve closed (switch to
switch)

1,453 _"F
980 psia
49 lb/'sec
118 lb/sec
0.416:i.0

33.5 psia

250 psia

146 psia

55 psia

200 psia

261 psia

375 psia

76 psia

_3 psia

170 msec

90 msec

Figure 1-27. Gas Generator Leading
Particulars (En_nes incorporating

MDI28 or MDIT___4 Change)
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Section I

Paragraphs 1-65 to 1-66

©

/

COMBUSTOR

Figure 1-28. Gas Generator

R-3896-I

EAL

FI-I-60A

1-651 GAS GENERATOR BALL VALVE DE-

SCRIPTION. The gas generator ball valve

(figure 1-29) is a hydraulically operated valve
incorporating two hollow balls connected to a

single actuator for directing propellants into
the gas generator injector. The balls are
shells on shafts, each shell having an inlet and

outlet flow passage. The inlet and outlet flow

passages are located diametrically opposite
each other in the oxidizer ball and 150 degrees

apart in the fuel bail. A tube is welded between
the inlet and outlet passages in the fuel ball to
reduce flow resistance. Both balls seat against

bellows-type seals. The fuel i)ellows seal in-

corporates a deflection elbow for the fuel out-
let that is contour,!:d to reduce pressure drop
in tl,e gas gencr-,:_:u- %.:i _ys_em. Both bail
shaRs rotate o:_ r.','i_cr _., :_-'ings, and each ball

aiso rotates against o:.:., ::, :,amr housing on

roller bearings and rac__.

1-66. The gas generator balk valve contains a
linear-motion position switch and an integral

electrical connector, mounted :n _hc valve
cover. The housing cover ,::ontai_,s tapped holes

for installation of Stage " ' .... thermo-
couples. The cover is used tc. s:_al the switch

compartment. The bail vaive :_x:dizer outlet
attaches directly to the gas generator injector
oxidizer inlet. The gas gener:_tor rue! inlet
housing fee connects the ball vaI_' cmtlet to the

injector fuel inlet. The gas gene::ator bali
valve opening is directed by sequence walves on
the oxidizer valves. Hydraulic fluid re-

circulates through a warmant passage in the
fuel ball housing, preventing the fuel in c,_e fuel
ball housing from freezing, and through :_

passage in the piston between the openi:_g port
and the closing port, preventing air entraoment
and hydraulic fluid freezing. Four types of
seals are used in the gas generator ball valve:

machined KEL-F seals, KEL-F lip seals,

Buna-N O-rings, and a Teflon-coated steel
Naflex seal.

©

1-26 Change No. 8 - 19 February 1970
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:(.-67. GA2 :_ENER),'i'Ol{ INJECTOR DE-

:CRIPTIOa,.. The ga::s [Z:.nerato:'." injector (figure
1-30) is a '.::_t-faced, multi-orificed-type injec-

tor incoi'i),:nxti.ing a don:e, a plate, a ring mani-
fold, fiw, oxidizer rings, five fuel rings, and a

fuel disk. The injector is mounted on the ecru-
buster, and the gas generator ball valve and the

gas geno_'ator fuel inlet housing tee are mounted
on the injector. The injector directs fuel and

oxidizer %::o the. {<r:.<..gon;_.<:it(_r' combustor.

Fuel e!:t. c:-; tim injc:ct._.: :,cough.the"' gas i"-_enct ._--

tot f,.,_: :.::i,"[ hous!n:., tee fro:'< the gas generator
ha"! v:u,,: TI,o fuel :,s directed through radial

:0:::ss:_:;c_; .n tnc plate and injec,.ed into the
..o:5bu.-.:,? t::rouj: orifice..:: it:kb.efive fuel rings

an(] tL,. {u.-,? ::ft.:d:. Oxidize::7 enters the injector
tt:rou..(h :., ,;xidizer i:dec ,::am:ifo!c: fz'om the gas
geaer::b.,r _ail valve. Th(- oxk4izer is directed

from t'.:c....::di/.ern:antf,:;:..::titre:iS!:internal

passabe:; :- the i?lateand is i:-jecteCinto the

con:busto:-- _nz'oug:h "/he o:::.fices in the five oxi-

dizer ri::?;s. The.injector uses a double-
orificed jxtttern in which the fuel and oxidize:"

rings are drilled in a pattern and angle so that
the stream from one oxidizer orifice will im-

pinge upon _he strean: from another oxidizer

o_:c_, aaa the stream from a fuel orifice will
impinge open the stream from another fuel

.,rifice. ,Orifices in the ouh:,r fuel ring also

provide a _:o,,:ms film os ..L,e_ for" the combustor
chol:e rimj w_dh

1-68. GAS GENERATOI-{ ,_OMI-;(JSTOR DE-

SCIIIPTIO:b:f. 'fhe gas gener[:cor combus_or

SIA_.[i<_- w,xheci mani-(figure 1-30) .:oa welded -' - _ "
fold conneca:.r.:< the gas go; ,.'::'.ttor injector and
tile turo:_q< ...... ,_t. The ..'o.._,bu_-to. contains a

cn,_rn_,e- to:,> burning p_<'o]>e'.h,.nts and for ex-
hausting :i,o g::.ses from tile burning propellants

into the C,,vbotmmP turbine manifold. The com-
busto,:- i,. tltelunaily insulated by a sheet metal
si'_,i! !i:t_ ;.:oit_ around the combustor body. The
inlei ' ';: _ is die a-ttcch poinfi for the injector

:.:_:.9 ,i." ' : assembly and incorporates a 45-
'-_...... . . d_z.ec_ the flame patternca_:_,:._ _ :, ;:,ection ti:a_""__ ":-_

to ,.n< bo,_:,:n: section ,:_ -_1:c combustor. Also

in,':or.::::: -" ' ,-t,_bu are the two,::_._eain the 1:2;ri.:":...._,

bos:;e, ..:::5 degrees apart) fc_ pyrotechnic ig-
niter :.,,<fi::..'..iation and t',: o parts (150 degrees

apart) to n:om[o:- gas p:'ess'ur,:.:Li::i_:poin,.

A port [o l!lO3.Sktl', :_l" ,:cii[ ::%c,:,_ :_'.,.!.;:1:_{' 14[:-::

the sea! between :i_c. iu corer .:,"d c{,n:l;us_{L. '.:_
also located o::t:, ,.'_-_-:_t,, h-:.l<,:_: ,_., 7'i,e

con.,busto:"outie_ xkLq:_X:'.'.vhici;i_:,, att':c!,
point for the tu:'bi>e nu:nifold, incorpc,_".f_¢,'_

two pe:"ts (90 de/-ee_ apart) to moatt<:r ga._.
a.,(,one port to vent or measure _:ealpressure " _" :

leakage past the se:-iaL ihi> ir'_tcz'f:,,::,:-.Con:-
buster v,:tl] _e,.:L:,,,.::_........ ' f........ :!: ;: :', ',:e ',d to: ,-;:::.7:) .,::3 -

e_.a_.:_l_ _:"':j.,._.:,cLs"by l.,:i. .:: i : ) t';.:?.(;:: ...... :'i: ,,.[;ill[

provided by ihe oute:" fee! ..:,-o. Oil _,_:: injector
and the fuel-ric.hmixtu-'< :'/.:Lie,,vhhwhich the

gas generator operates,

i;l" El, IN I ,!':T

ItOUSIN G TEF

I

F---OXil)!,.t: :: ",:, _.'l'!('<x 2RKSS: l{I:

1

-- CH..\ M .: iqd:S:- C RE

IN,:. • ":_)I: I,].ND

l "'\ \

' V

,x

\

.,b> { : J C.'-£ \

tt T LI::"i" -- -

._

1"i I 62A

Figure 1-30. Gas Ge,,?.(_...',:,.-,.;. ..nject<r
and Co n:b',.._:

_s

[:

'!i
:I

\
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1-69. GASGENERATOROXIDIZERDUCT
DESCRIPTION.The gasgeneratoroxidizer
duct containsanddistributes the oxidizer from
the No. 2 turbopumpoxidizer outlet duct to the
gasgeneratorball valve oxidizer inlet. The
gasgeneratoroxidizer duct is a two-piece,
I-1/2 inch ID duct incorporating three bellows-
connectedgimbal joints to allow flexing to ac-
commodateinstallation tolerancesandthermal
_:?ansionor contractionof the duct, Thegas
' ::erator oxidizer duct incorporates two ori-

es for oxidizer flowTate calibration. One

_fl,ce is insaalled at die interface of the gas
i! ,:erator oxidizer duct and the No. 2 turbo-

pump oxidizer _utiet duct,and the other orifice
i_ installed at ohc interface of the two gas gen-
er_ztor oxidizer :_uct _ections. Bo_h orifices

are sized at engine acceptance test. A fluid

:; .oop, which exuend_ into the fluid stream of
,. :4o. 2 turn, m? _mp oxMizer outlet duct, is

:, scailed at the m_erface of the gas generator
ox?,dizer duct and the No. 2 turbopump oxidizer
oudet duct.

-i0. GAS GENERATOR FUEL DUCT DE-
_C._RIPTION. The gas generator fuel duct con-
_,ins and distributes the fuel from the No. 2

t_:rbopump fuel outlet duct to the gas generator

bali valve fuel inlet. The gas generator fuel
duct is a one-piece 2-!/4 inch ID duct incorpo-

:'._,t:ng three bellows-connected gimbal joints to

ai!ow flexing to accomrnodate installation toler-
;_ces, thermal expansion, and contraction of

i:h_!- duct. The gas generator fuel duct incorpo-
;'_es an orifice for fuel flowrate calibration.
The orifice is installed at the interface of the

gas generator fuel duct and the No. 2 turbo-
),,imp fuel outlet duct. The orifice is sized

#uring the engine acceptance test. A flow de-
f?: ?tor is installed at the interface of the gas

generator fuel duct and the gas generator ball
valw: fuel inlet.,

i-71. HEAT EXCHANGER DESCRIPTION.

io,71: The heat exchanger (figure 1-31) is within

_ basic envelope 43 inches in diameter and 58
i:;mb'.es in length, with the diameter varying from
40 inches a_ tPe turbine outle_ to 24 inches at the

,u.:bme exhaust manifold. Hot gases from _he

turbine are directed to the heat exchanger where

Section I

Paragraphs 1-69 to 1-72

a portion of the heat is transferred to the oxi-

dizer and helium coils. In the heat transfer,

oxidizer in the coils is converted to GOX for

vehicle oxidizer tank pressurization, and the

chilled helium in the coils is expanded for

vehicle fuel tank pressurization. The upper

section of the heat exchanger encloses the

helium coils and mounting flanges for the helium

and oxidizer supply and retu:n lines. Each

.,._. is pro.id:d ,,ith ports zo meas-
are seal leaka?'e. The supply ports incorporate
orifices to controlthe flow of oxidizer or helium

through tilecoils. The lower section of the heat

exchanger encloses the oxidizer coils and con-

tains a bellows assembly to compensate for

thern:_.le:q]ansion during zngine operation.
'Zusula: structural members, clamped to tile

coils and welded to brackets incorporated in tile

heat exchanger body, secure ::,nd restrain tile
oxidizer coils. H,::,[t exchar..ger connections at
the turbine outlet manifold and the thrust cham-

ber exhaust manifold are sealed by pressure-
actuated Naflex seals.

--OXIDIZER

OUTLET

I'U t{BINE EXHAUST

FLOW

BELLOWS,

OXIDIZER HELIUM /

COILS INLET --_

MONITORING

PORTS

INLET

U--SEAL MONITORING PORT

(4 PLACES)

F1-1-63

Figure 1-31. Heat Exchanger
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1-73. ENGINE CONTROL SYSTEM DESCRIP-
TION.

1-74. The engine control system regulates the

total engine operation. To provide this regula-

tion, the engine control system directs, governs,

and sequences the activity of engine propellant

valves during the start, transition, mainstage,

and cutoff phases of engine operation. Major

compon_:::ts of the engine control system are

the eng1:_e control valve, redundant shutdown

valve, .:heckout valve, and h_pergol manifold

assembly. Orifices in the engine control sys-

tem control propellant valves timing.

1-75, ENGINE CON'FROL VALVE DESCRIP-
TION.

I-7G. '7'i_eengine conLrol valve (figure 1-32)

directs hydraulic flu::,Jio _ps_l a_d close the

propel!ar:c valves ana th_ gas zenerator ball

valve The valve is electrically controlled and

hydr_'u!ically actuated, with an internal hydrau-

lic Iockup that maintains actuation when the start
signal is removed. The valve includes an over-

ride piston to deactuate the valve in case of stop
solenoid failure. The assembly consists of a
control section and a filtermanifold section.

1-77. i_he control section consists of two

solen(;LLi-operated pilot (start and stop) valves,
b,vG ,,_.i.a,_,a poppet valves, a matched selector

spool _a sleeve, a stop actuator, an override

pis_o=:, and a valve body. The solenoid-operated
pilot valves are identical except the start sole-

noid electrical connector has two pins and the

stop solenoid has three pins to prevent improper
connection. To ensure that the engine cannot be

started with the stop solenoid disconnected, the
negative lead of the start solenoid is wired in

series with the negative lead of the stop sole-

noid. Each solenoid valve consists of a coil, a
dou_}le-ac_ing poppet (the armature), and two
poppet seats (upstream and downstream). The

coil is energized by 24-30 vdc. The poppet is
spring loaded against the downstream seat.

Each solenoid v_dve is protected by a 10-micron

filter at its inlet passage. A passage in the
control valve body directs fluid to a passage

that directs fluid to the poppet caxdty. Two
passages permit fluid flow from the ca_d_y to

the slaved pilot valve cylinder when the poppet
is deenergized. The downstream seat forms

the base of the valve assembly and contains a

passage that is closed by the deenergized poppet

and opened when the poppet is energized.

1-78. Two slaved pilot valves, each slaved to

its respective solenoid )ilot valve, direct fluid
to shuttle the selector spool. Each slaved pilot

valve consists of a poppet, two identical poppet
seats, a piston, a cylinder, and a spring. The
poppet is a pressure-actuated disc that free-

floats _ e4vee_: _h:_ _wo poppet seats. Both faces
of the poppet a_'e!inished to provide a metal-to-

metal seal with the poppet seats. The poppe_
seats, separated by _. sp:{cer, are installed

face-to-face on both side_: of the poppet. A_
start, momentary off-seaAng of the poppet from
the normal position allows hydraulic pressure

to shuttle the selector spool f.c open. The cyl-
inder houses the piston and spring and is ported

•to admi_, hyd-_'auiic pressure to th. _ spring cavity
when the solenoid pilot valve is deenergized.

When the start solenoid is energized, the piston
is momentarily actuated tiu_ough the force trans-
mitted to the piston shaft by the poppet.

1-79. The selector w'.iv_ is a matched spool

and sleeve, The spool, floating inside _h(
sleeve, is a hollow, closed-end cylinder with

three ports and two sealing lands. The spool is
actuated from its normal spring-loaded position

(closed) by fluid pressure by the momeP.tary
actuation of the slaved pilot valve at start. Once

actuated, the spool is hydraulically locked by
fluid pressure from the open port. The sleeve

l-:i0 Change No. 9 - 4 November 1970
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Figure 1-32. Engine Control Valve and Redundant Shutdown Valve Schematic (Sheet 1 of 2)
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has three ports that aline with three annular

passages in the selector valve cavity. Four
O-rings with Teflon backup rings prevent leak-

age between the annular passages. A threaded
retaining cap holds the selector valve in its

cavity and provides a mechanical stop for the
spool.

1-80. The stop actuator is a spring-loaded,

hydraulically actuated piston that positions the
selector spool to the closed position. The

actaator is normally controlled by the stop

slaved pilot valve but can be directly actuated

by the override piston in case of stop valve
failure. Four holes admit control fluid into

the spring cavity from an annular passage sup-

plied from the stop slaved pilot valve. The

override piston is hydraulically actuated and

mechanically coupled to the stop actuator.

The piston is used to position the selector

spool in case c,fstop valve failure. An external

pressure source is required to actuate the

piston, which mechanically positions the selec-
tor spool to the closed position. The piston

is held deactuated against a stop by a coil
spring. The stop retains the override piston
in its cavity and incorporates the override

pressure inlet port. The control valve body
houses the operational units and bolts to the

filter manifold assembly. The interface of
valve body and filter assembly is sealed by a
seal plate.

i-_i. The filter manifold is the supply filtra-

tion and distribution point for all control sys-
_em fluid. The filter manifold consists of two

swln_-gate check valves, three filters, and a

manKold body. The check valves are flange
mounted back-to-back in a common supply
cavity. One check valve covers the GSE SUP-
PLY fluid inlet port, and the other check valve

covers the ENG SUPPLY fluid inlet port. Three
25-micron wire-mesh filters are installed in

the manifold assembly. One filter is in the

supply system and one each in the opening and
closing passages. The manifold body houses
the filters and is bolted to the control valve

body. Two threaded ports in the ENGINE/GSE

filter supply cavity provide pressure for in-

strumentation and for the emergency override
system. Passages connect the closed, open,

and supply filter cavities to corresponding
ports of the control section. Three types of

R-$896-1 Section I

Paragraphs 1-80 to 1-85

seals are used in the engine control valve:
Viton-A O-rings for plug and bleeder seals, a
Viton-A Gask-O-Seal at the manifold-to-

solenoid-valves joint, and Buna-N O-rings for
all other applications.

1-82. REDUArDANT SHUTDOWN VALVE

DESCRIPTION.

1-83. The redundant shutdown valve (fig-_re

1-33) is a solenoid-operated., normally closed,

three-way vaive incorporatMg two ]0-micron

filters (one disk simped, die other cylindrical),

fLxed inlet and vent seats, and a floating' poppet
that is spring loaded to the closed position
against the inlet seat. The function of the valve

is to direct hydraulic pressure to tlle engine

control valve override pressure port as a re-

dundant means of effecting engine shutdown in

case of failure of the engine control valve stop

solenoid, and to )rovide a drain for the over-

ride pressure port during engine checkout and

operation. Continuous application of 24-30 vdc

is required to keep the valve energized. The

energizing signal input is applied simultaneously
to the redundant shutdown valve solenoid and

the engine control valve stop solenoid at engine

cutoff. The redundant shutdown valve body

provides an internal threaded DIKkIN port and

flanged iN and OUT por_s. The solenoid elec-

trical connector is a four-pin connector with

only three of the pins used. Pin A is used for

the positive energizing sig_al input, pin B for

the negative return signal, and pin C for moni-

toring the signal received at the solenoid. Pins

A and D are bussed internally within .the con-
nector. The seals used in the redundant shut-

down valve are Buna-N O-rings.

1-84. CHECKOUT VALVE DESCRIPTION.

1-85. The checkout valve (figure 1-34)is with-

in a basic envelope 8 by 9 by 14 inches and is

located just below the engine control valve on

the No. 2 side of the engine thrust chamber

jacket. The checkout w%Ive is a motor-driven

selector valve that directs engine contzol re-

turn fluid back to the GSE or engine supply

source. The checkout valve consists ofa ball_ a

three-port housing, and an actuator. The actua-
tor is a 24-30 vdc reversible motor that incor-

porates reduction gearing, position switches_
and limit switches. The actuator controls the

Change No. 9 - 4 November 1970 1-33
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position of the ball to direct control fluid from

the ialet port to one of the outlet ports; During

c.nginc checkout or servicing, the checkout
valve ball is positioned so that fuel entering

the inlet port is directed through the ball and
out the GSE return outlet No. 2 port. For

engine static firing or flight, the ball is posi-
tioned so that fuel entering the inlet port is

directed through the ball and out the engine
return outlet No. l.port. Three types of seals

act, used in the- checl.':_.ut valve: Viton-A O-rings
for dynamic app_.ications, Buna-N O-rings for

static applications, and machined Teflon seals
for the ball seals.

1-86. tIYPERGOL MANIFOLD ASSEMBLY

DESCRIPTION.

i-ST. The hypergol manifold assembly (figure
1-35) sequences engine operation from ignition

stage into mainscage. The assembly is attached
to a bracket located on the thrust chamber fuel

manifold and consists of a hypergol cartridge

container, an ignition monitor valve, an igniter
fuel valve, and a hypergol installed switch.

Only the hypergol cartridge container and
hypergol installed switch are replaceable com-

po_ents of the assembly. The hypergol con-
tainer is a cylindrical manifold into which the
hyp.'._rgol cartridge is installed. The hypergol
ins;ailed switch is a cam-actuated switch that

indicates the installed position of the hypergol

ca_ trudge. Hypergo! manifold assembly leading
p_,_zticulars are listed in figure 1-36.

l-.J_J IGNITION MONITOR VALVE DESCRIP-

TiOb. Ti_e ignition monitor valve (figure 1-37)

dlx ects the opening of the fuel valves and per-
mi_s the fuel valves to open only after satis-

fac2ory ignition has been achieved in the thrust
/:hamber. The ignition monitor valve is a
<gring-ioaded, pressure-actuated, fail-to-the-

run, three-way valve mounted On the hypergol
manifold and actuated by ignition combustion
pressure. A dual-faced, spring-loaded poppet

diyects valve opening pressure to the fuel valves
when ignition combustion pressure, acting on

a laminated Mylar diaphragm, shuttles the
poppet to -the valve's open position. Once

shuttled, the valve will remain in the open
position until engine shutdown due to the dif-

ferential pressure across the upstream and
downstream faces of the poppets. Teflon
Viton-A "slipper" seals and Buna-N O-rings

are used in dynamic and _, :_t_.c seal agplications.
An internal orifice between lhc inlet: and outlet

ports permits fluid recirculation to b).eed air

from the control fluid. A mechanical lookup,
actuated through a cam-rod that is positioned
to cam the follower when an unruptured hypergol

cartridge is installed, prevents ignition monitor

valve actuation until the hypergol cartridge has
ruptured. The atmospheric reference port is

vented to the fuel overboard drain system.

1-89. IGNiTEt{ },_UEL VALVE DESCRIPTION.

The igniter fuel valve (figure 1-35) is an integral
part of the hypergoi manifold assembly. The

igniter fuel valve i_. opened by fuel pressure
applied to the FUEL i_LET port of tilehypergol
manifold from the No. i fuel outlet duct. When

the igniter fuel valve is opened, an internal

passage in the manifold directs the fuel from

the igniter fuel vahre to the hypergol container

where the fuel first ruptures the hypergol car-

tridge diaphragms and then foilows the hyper-
golic fluid into the thrust chamber for ignition.

A Teflon O-ring in the nose of the poppet seats
against a seat macmnea into the hypergol mani-

fold body. The desired spring loading is ob-
tained by shimming the spring.

1-90. FLIGHT INSTRUMENTATION SYSTEM
DESCRIPTION.

1-91. The flightinstrumentation system moni-

tors engine performsmce du_-ing checkout, test,

and vehicle flight operations. The system con-

sists of pressure transducers, temperature

transducers, position indicators, a flow meas-

uring device, power distribution 3unction boxes,
and associated electrical harnesses. The basic

flightinstrumentation system is composed of a

primary and an auxiliary system. The primary

instrumentation system includes parameters

critical to all engine static firings and subse-

quent vehicle launches, the auxiliary system is

used during rese'arch, development, and ac-

ceptance test portions of the engine static-test

program and initialvehicle flights.

1-92. Eight types of seals are used in the flight

instrumentation system installation: asbestos

rubber sheet gaskets for electrical connector

application; Viton-A O-rings and Gask-O-Seals

for fuel applications; copper crush washers,

copper-plated nickel-base Naflex seals, and

gold-plated steel K-seals for hot-gas applica-

tions; and Teflon-coated steel Naflex and K-seals

for cryogenic applications. Refer to section II

for detailed joint and seal data.
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!-93, On.engines incorporating MD96 change,
trans<_ :ers, harnesses, and related hardware

that m_L<e up the auxiliary instrumentation
system are removed, with the exception of the

heat exchanger oxidizer inlet flowrate meas-
urement transducer. The heat exchanger

1-36 Change No. 7 - 18 August 1969

oxidizer flowmeter and associated electrical

harness are retained tc maintain heat exchanger
calibration capability. The flight instrumenta-

tion system parameters, i:_c!uding both d,e
primary and auxiliary systems, are iistea in

figure 1-38.
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'Tap No. Parameter Range
i

PRLMARY INSTRUMENTATION

KF6a-I Fuel pump inlet No. i pressure 0-200 psia
TG5c Turbine outlet pressure 0-i00 psia

PF2a-2 Fuel pump discharge No. 2 pressure 0-2,500 psia
CGIe Combustion chamber pressure 0- I, 500 psia

GGId Gas _enerator chamber pressure 0-I, 500 psia

PO2a-2 Oxidizer pump discharge No. 2 pressure 0-2,000 ps_a
NH5c Common hydraulic return pressure 0- 500 psia
LBIa Oxidizer pump bearing jet pressure 0-I, 000 psia
LSI Oxidizer pump bearing No. 1 temperature 0 ° to 400 _ F
TG4a (a) Turbine inlet manifold temperature 0 ° to 2,000 ° F

CGTI Engine envirenmental temperature 0 ° to i, 500 ° F
F44 Heat exchanger oxidizer inlet flow 20-100 g:pm

AUXILIARY INSTRUMENTATION (b)

PO7a Ox!.dlzer pump seal cavity pressure 0-50 ps,a
HH2a Heat exchanger helium inlet pressure 0-500 psia
HH3a Heat exchanger helium outlet pressure 0-500 psia

PO2a-i Oxidizer pump discharge No. 1 pressure 0-2,000 psia
HOlb Heat exchanger oxidizer inlet pressure 0-2,000 psia
HO4a Heat exchanger GOX outlet pressure 0-2,000 psia

PF2a-] Fuel pump discharge No. 1 pressure 0-2,500 psia
NH3a Engine control opening pressure 0-2,500 psia

NH2a Engine control closing pressure 0-2,500 psia
HOla Heat exchanger oxidizer inlet temperature -300 ° to -250 ° F

HO4b Heat exchanger COX outlet temperature -300 ° to +600 ° F
F I6 Heat exchanger oxidizer inlet flo.w(c) 0-I00 gpm

(Percent)

2.0
2.0

2.0
0.5

0

2 0

2 0
2 0

20
2 0

2 0
2 0

2.0
2.0
2.0

2._5
2.0
2.0

2.0
2.0
2.0

2.0
2.0
2.0

(a) E,a!;ines not incorporating MDI76 change

(b) Engines not incorporating MI)-96 change
(e) On _ngines incorporating MI)96-change, this measurement is retained and relocated to

pr,.mary system as tap number F44.

Figure 1-38. Flight Instrumentation System Parameters

i-9,_. PRIMARY AND AUXILIARY JUNCTION

BOX DESCRIPTION.

1-95o There are two electrical junction boxes

in the., flight instrumentation system: the pri-

mar:/_unction box located in the primary system
and "',n_ auxiliary junction box located in the

a'.LxiDiary system. On engine incorporating

MD96 change, the auxiliary junction box is
deleted. The junction boxes serve as junction

points for signal circuitry of respective

1-38 Change No. 7 - 18 August 1969

transducers either to and from the telemetry

and instrumentation system durina vehicle

flight or to and from the control center during
engine static test. The pr!mary junction box

(figure 1-39) has provisions for eight electrical
connections; the auxiliary junction box (figure
1-40) has provisions for five electrical con-

nections. Both junction boxes are hermetically
sealed to prevent possible entry of contaminants
and moisture.
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F!;_, 1--41. L", ..... rare T:ansducer

that sub - -..-_s a resl. -. :.. -ae bridge neuvork,

tt-ere_; ,. " uh-{tin:;_,' th,::, o .,_c'o-,_,_,.eu[pu-c for 20 or

80 pez':. ..... -: the pressure .range of the instru-

ment. _"- transducer ,.'.sos :_ six-pin connector

a. .7-,, A posinw? .-:-'<::,._at',.tu_ (_28 vdc)

b. 7>:̀ . positive . _!_.butk+o vde at full

range pr.-.:. -ure)

c, ._ _._: % output r.._.:"n

e, Pin E, 20 _. c_.,_ caiibra[lo.u (..-2_ _c,::)

f. Pin F, 80-perccm: calibrao:,:_ ,28 :,uc)

i-98, TEMPE'-L.kTUI-,:,v 'FRANSI)LCf¢!_ DE-.-

S CRIPT ION.

1-99. The flight ins::runtentation temperature

transducers (figure _ ".-_-9,_ 'i [tZ'O Of !.ht] I=)IL'ItilI_li'I1

resistance type, A!! o; _he ;-_.si,_:x.u.,: bu[b--

]':&7_ 2 £._:l'qtE;-,,vire tel';:];,..._01 ih:: .t:::O'_:,,-_ h

b. l_,.o_ conT!}_otion wikh :u trP, nsn 1...:o:u ]tno hi

opposite _,_,-- of _' , _,,... C.,,;" ll?_£]_i,]-!

zero and senzdti\.,itv ci<,.n<u,:s., :... ,;..!,_,,-e' "_ v,'itn

k'esp,_ct to v:/i'iatlons i:i;-n.- ]en:l:;:? ::d t'a ....

sist;ait;:e. E_ch .....t=,_"":..,:,,,_-:"'.,,.' : :s sui;.,,,:: .....' _ ',\ i .;, its

OWl] .uSlS_ut<_--.j.rstls-, ..:Dor;lti'_',_. <.:'._::.'_[ion

over a soecified -,,-o-e . .• " .... b-- ,'. ;':](! ,[[[ O1. c.iC _I'_.i%S -

dhOOi'S O:322_£© Of. _?h_} V.'."'_.,. :,." _" _}.)]_t ._i:__, [_:e

e!ec[:r-c:z: COPAlbOC_(hig L'-"_ . .._ -:":. ' h' .:'l"Sl-

C_!l ' " z_'r'_"_'; ..... ' _ ;" _ _..... ..{:'.i,_.'_:. :_

differ with d-e instali:_,,tion ._. i "--,'a.._.:',.r,e:__'e-- •

quirements. '_r'.,"" , : " " " _"il_ h.shlC =_ tii,?O gO_ ,=':_ :," .'_' ['."i,]..)_.;);

change have all L-no:ro,,-e(. co,: ,._ .-,._,. ;.,d-]-l.

transducer with ¢'l"s, ......... : ......_ ,_... ,o .,,_tix, ,,<t ,.:]CI , :u : .." h "

welded lead wires enclose5 it,. -=:::-!t_ hi-. ,. ;.

and a sensing element pz'otec1,:-C .:,., :..:h!ek4.

.. .; p
i-_uO. OXIDIZER ';".... _-' '-" ....

i-lO!. The oxidizer .[,;w-r, :,:r .<:.:e ._. ;,,

a P,/l'binu-,ype_ VOIU_i,c_.I _., [_...' ,. :

ducei" mc:dnted _ _,, ,_,- !:h<:o,ct¢,,e<._ l_C/-!: • " _'i-c, rt°'0"" "t: f , L

\,a_ve &K(! :1i_:oxiciizez" _510. :'f_,: _., iix_Sii... !')...:

f!ow of ox] a,:zer eater]_:2; ,;.iu.:_;e.:':o-.c:._.'.i;i:_:t_:

coil, Th, fl.own_et2r .'.:a.sist_ :, ;,t;)r ;-:_. e.,n.-

bly that senses ,:.he c. _.:.,;:,.er : ._.. ' v

srraighteners that .u .-.,......... :;..,i.: ,.:., '"-..]do'J. "

_¢Ci'OSS tile FO_O).'. g.ii,0. -WO ]:}C_._. . -;, '_:._
._tk,dD *""'J,..,._.S 3.1"6,: .C.:VL;,..¢]_ LI:.'._:- r'uOf ..1.}/:4

'v:ith electrical :-'u..,_: .:.<ues. L : : ,, 11 ia

._ o. -%*( _, +" ,,_- l-j_...uCc_..S,_%_lt._l_. : ..-['_(led ;_=:_(._p,.d:_ _.:; .:_:d ,. n_.-

rains aiz 4uxiiiary _:.c[:_Led co_[ . .' ,t'.:,. e!,:_' "

::urposes. The 21c.v ..2 oxia::.... " ;._ <.t.{.. ;.:..
.(;'owmeter se_,s t!_e ......_ o'_ol in . ., .<:], 'F}!_

_:,.ngula_ spe_d o.,._'the regel is .... h.Jnci 2o5-., o_ ;:r:r.

volumetric z.o\vra_c of _he oxid:izor a.',.ld is

detected by the ma9;netic pickup cimr _:he L!..;>.

d. 'Pin D,, excitatic_: return

1-40 Change No. 7 - 18 August 1969
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Figure 1-43. Oxic;izer Fh_wme_er

densic- ,: _,<,u:/J_ the c,.,:_] changes. The fhm lines

[hrou{.'h._.:<oil bu!]d m9 and collapse, _ener-

,:_t_,_ ,u. <.m:_' that can bc measur(}d _,_the con-

hector. _ib;: :'.._;ti<aitude of this emi is a func-
tion o: !_: ,_.,_,(,.d'ar speed of ti_e _'otor, distance

of the :7:!._'Y from the [,;p of the blades, and
,_._ :_ .r,.t.,:>_'L'_] I:_. constan0. Ti_e generated

frcquez_...). :is d,'..'pendc;tt o.n rotor speed and number
of blaci..'s _nd is Jn di:;_._?t correlation to flow-

rate. i,':_,- checkout p_,.'poses, ::._sinusoidal in-

put at 20._: cos with a 10--volt ,_oak on the aux-
iliary coi; .-/ill produ,_:_, a i.-3 volt peak signal

at the s_::":_ frequency on the p.'imary or output
coil.

i-!02. SPEED TIt_NSDUCEh .)_,,._CRY:..FiOiZ.

i-!03. The fii_ht _nshu_ent_.tio_ :<:;yscemutb-

iizes one speed tra_:s(_.._o_n." (lli{v,;t.<. L -.44',. The

t;ansduce_- is a ma_;.,,_-< i)ickup h[_.)e ,_::_: i f<.,

sense turbopump speeo. The a::;se.::n.bly ::,>_,!:ists
of a probe section that :-:ouses _:ute .?i c].:u;.. , _;_

an adapter section (welded between d.e p_ ;b<_
_nd electrical recep'[acte) that is th.r_:act,:<i t,..

a!Io,,v installation of the unit into th<: torque
gear housing of the turbopump, ;_r, ,;..- ..............
receptacle, and a pickup coil that serve= a-_ :t

1-42 Change No. 7 - 18 August 1969
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Figure 1-44.

pulse generator. With the transducer installed,
the t!:. of the probe aligns with the two-hole

tach_meter on the turbopump torque gear
sleeve_ As the turbopump shaft rotates and

each >,o_e passes the tip of the probe, the flux
density of the pick-up coil is interrupted. The

buila_p and collapse of the flux lines generate

a voi_age across the leads. This voltage,
pro_c_-tionai to the pump shaft speed, is then
conc_:tioned for recording. The magnitude of the

vo:.,._: _e is dependent on the angular speed of
the ::_-bopurnp shaft, the distance between the
pickup coil and torque gear sleeve, and the

medium of the gap. The frequency is deter-

mined by _he angular speed of the pump shaft,
ann L_#. number of holes in the torque gear
sie,-ve..

l-i0Q. THERMAL INSULATION SYSTEM
DE S CRIP TION.

i-i05. Thermal insulation (figure 1-45) is sup-

plied to protect the engine from extreme temper-

atu_'e environment caused by plume radiation and

Speed Transducer

back-flow during vehicle flight. Thermal in-

stilators for the engine are of two types, foil-
bait and asbestos blanket.

1-106. Foil-bait insulators are preformed

segments constructed of random fiber batting
secured between two layers of textured inconel
foil. The thickness of the thrust chamber in-

sulator inner foil is 0. 004 inch; outer foil
thickness is 0.008 inch. Cocoon insulator
foils are 0. 008 inch thick. The cocoon insulator

inner foil is vented to prevent balloo,fing due to

expansion of gases trapped between the layers
of foil. These insulators are used to cover

large, flat areas of the thrust chamber and noz-

zle extension, heat exchanger lines and bellows,

customer connect (wrap-around) lines, and the
cocoon area (thrust chamber throat to interface
panel).

Change No. 9 - 4 Novem0er 1970 1-43
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Paragraphs 1-107 to 1-116

1-107. Asbestos blanket insulators are com-

posed of multiple layers of asbestos cloth
reinforced with Inconel lockwire and coated on
one side with aluminum. The asbestos blankets

are laminates of iwo, four, or five layers,
depending on the location on the engine. Asbes-
tos blankets are used on the exit end of the

nozzle extension, above the oxidizer dome
between the gimbal bearing and interface panel,
and below the cocoon: between the thrust cham-

ber and turbine inanifold.

i-108. Hardware used to secure the thermal

in;_aiation to the engine consists of support
structure, scrcv,'s, self-locking nuts, flat

wa:._hers, nut .lips, bolts, and Luconel lockwire.
Support structure (brackets, straps, and

::_ports) is located primarily in the cocoon

_..'ea. Protruding studs are percussion-
w_ded onto hatbands of the thrust chamber to

support and secure insulator panels. Brackets
with nutplates are provided to secure in-

sulator panels to the nozzle extension.

i--:89. ENGINE PURGE AND DRAIN SYSTEM

DE SCRIPTION,

i-!.I0. The engine purge and drain system
(f'.Fure 1-46) provides a means of inhibiting con-

J,. :,nation in the critical areas of the engine
_n,._ _errnits safe aisposition of expended coolant
L-_.',ds, residual propellants, and seal leakage
f!-ids. The engine purge system and the drain

:;:_,_tern are eac_ divided into a service mode
._-:;tern and an operational "mode system.

i-.!ii. SERVICE MODE PURGE SYSTEM DE-

S(" fCPTION.

i._12. The st_,rvice mode purge system utilizes

f; ::iiity-supplied gaseous nitrogen to exloel
re_idual prope-l_mts and fluids from the engine.
'7'it service mode purge system consists of

quic_(-disconnect fittings on the No. 1 and No. 2
fuel, valves for supplying gaseous nitrogen to the

fuel valves and thrust chamber, one quick-
disconnect on ,he hypergol manifold assembly
to puroe the hypergol container and ignition fuel

hose of residual fluids, a quick-disconnect on
the ignition monitor valve sense tube to purge

the tube of residual fluid, a quick-disconnect at

{he bearing coolant control valve to purge the

bearing coolant delivery lines of residual cool-

ant fluid and preservative compound, and six

threaded bosses on the oxidizer dome to purge

the oxidizer dome and injector of residual

flushing fluid.

1-113. OPEP.ATIONAL MODE PURGE SYSTEM
DESCRIPTION.

I-ii_. The operazioua! mode purge system

utilizes vehicle- at,c,facility-supplied gaseous

nitrogen to estaDli_h :tpressure barrier to pro-

tect the oxidizer sections of the engine from con-

tamination. The _aseot:s nitrogen is supplied

to the engine through two purf}(efittings. One of

the purge fittingsprovides gaseous nitrogen

from the vehicle at 80 psig for purging the oxi-

dizer pump intermediate seal. The other purge

fittingdirects gaseous nitrogen at 800 psig to

the gas generator and No, 1 and No. 2 oxidizer

valves to prevent contaminants from entering

the oxidizer sections of the gas generator and

thrust chamber during ignition and transition

into mainstage.

1-115. SERVICE MODE DRAIN SYSTEM DE-

SCRIPTION.

1-116. The service mode drain system enables
residual fuel and control ,ys_m fluid to be

drained from the enginc during maintenance
and post-test securing of ti'_ engine. The ser-
vice mode drain system consists of quick-

disconnect fittings and drain plugs located at
low points of the propellant feed and control

systems. The quick-disconnect fiitings utilized
for draining residual fuel a-e located on the
No. 1 and No. 2 fuel inlet elbows, No. 1 and

No. 2 high-pressure fuel ducts, thrust chamber
fuel inlet manlfold_ hype',-g;)i manifold, and gas

generator. Quick-disconnect fitti_atjs for drain-
ing the control system fluid are located on the

control system engine return line, co__trol sys-
tem engine supply line, and gimbai actuator
return line. Four drain plugs located on the
thrust chamber fuel retur_t manifold permit the
thrust chamber tubes to _)G drained of residual

fuel, prefill fluid, or flushing solvent.

Change No. 9 - 4 November 1970 1-45
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R-3896-1

1-117. OPERATIONAL MODE DRAIN SYSTEM
DESCRIPTION.

1-121.

Section I

Paragraphs 1-117 to 1-124

ENGINE OPERATION.

{ ! 'k

1-118. The operational mode drain system
furnishes a means of overboard disposition

of fluid leakage past internal seals of certain

components, and of expended bearing coolant
fluid from the turbopump. The operational

mode drain system consists of separate oxi-
dizer and fuel overboard drain lines and a

fuel drain manifold. Fuel and control fluid

seal leakage and ex_pended coolant fluid are
collected into a single fuel overboard drain

line on the No. 2 side of the engine. (See

fig-ures 1-47 and 1-47A.) The fuel drain mani-

fold (figure 1-48) is the collective drain point
for the ex_ended coolant fluid and excess pre-

servative compound remaining during turbopump
preservative procedures. Oxidizer leakage

pas_ the primary oxidizer seal of the _urbopump
and the internal oxidizer seals of the No. 1 and

No. 2 oxidizer valves and gas generator control
valve are directed to an oxidizer overboard

drain line on the No. I side of the engine. (See
figure 1-49.) This line also directs overboard

the purge flow through the oxidizer side of the

t-urbopump intermediate seal. Paralleling the
oxidizer overboard drain line on the No. 1 side

of the engine is the nitrogen purge overboard

drain line, which directs overboard the purge
flow through the fuel side of the intermediate
seal.

1-119. ENGINE OPERATIONAL REQUIRE-
MENTS.

1-120. The engine requires a source of
pneumatic pressure, electrical power, and

propellants for engine operation. A ground-
supplied hydraulic pressure source, hyper-

golic fluid, prefill fluid, and pyrotechnic ig-
niters are required for engine start. Figure
1-50 lists facility-supplied inputs required for

engine operation.

1-122. Engine operation is described within

this section in terms of engine preparation stage,
engine start and ignition, engine mainstage,

and engine cutoff for a typical single engine in a
test facility. This description is supplemented

by an engine start and an engine cutoff block
diagram flow cl:ar_ (f!g._'es 1-51 and 1-52), an

engine system schematic reflecting engine con-

ditions during the respective s 'rages of operation
(figures 1-53, 1-54, 1-55_ and i-56), and engine

start and cutoff sequence :_Iow charts (figures
1-57 and 1-58). The sequence of engine start

and shutdown is controlled by an electrical-
hydraulic-mechanical system. Electrically,
relays in the facility equipment, and solenoids

and switches on the engine, are employed to
start, maintain, and stop the sequence. An

orificed hydraulic control system powers and
seqlkences the propellant and control valves.

Also, mechanically linked devices assist in

sequencing propellant valve actuation.

1-123. ENGINE PREPARATION STAGE.

1-124. The engine preparation stage is that

activity during which it is determined that the

engine and the test facility are in a satisfactory
condition for a safe engine start. The culmina-
tion of this activity is an ENGINE PREPARATION

COMPLETE signal which, in conjunction with a

facility preparation complete sig,ual, makes
electrical power available to the engine start
switch.

Change No. 9 - 4 November 1970 1-47



SectionI R-3896-1

!ii;_i
iiiill_,:

TURBINE

BEARING I) t_.AIN -'_-_"

/_--- BEARING LUBE DRAINS

"x

NO. 1

OXIDIZER !

VALVE

SHAt'_" SEAL DRAIN

NO. i FUEL

VALVE

ACTUA _;'OR

SEAL VENT

:ATOR VENT DR.AIN

, ], GAB

GENERATOR

SHAFT

SEAL

VENT

IGNITION MONITOR

VALVE VENT

CONTROL VALVE

OVERRIDE i}_ )

REDUNDAN_F ENGINE !

SHUTDOWN VALVE CONTROL VALVE i

I
ACTUATOR _

S_FT \ I Ci,EC_:ou_ ]
SEAL \ i VALVE ]

DRAIN --_ \ 1 l

)

itxz_

LEGEND

JOINTS

PROPELLANT SYSTEM FLUID

CONTROL SYSTEM FLUID

FUEL OVERBOARD

DRAIN

Fl-l-80

©

©
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R-3896-1 Section I

PROPELLANTS

Liquid oxygen (MIL-P-25508)

Propellant kerosene (MIL-P-25576)

Gas generator and thrust chamber combustion

Gas generator and thrust chamber combustion

PNEUMATICS

800 psig gaseous nitrogen (MIL-P-27401)

80 psig gaseous nitrogen (MIL-P-27401)

100-200 psig gaseous nitrogen (MIL-P-27401)

250 psia helium (Bureau of Mines, Grade A)

Gas generator and thrust chamber domes purge

Turbopump oxidizer seal purge

Thermal insulation cocoon purge

Heat exchanger (vehicle fuel tank pressurization)

:" ,j

ELECTRICAL POWER

5 vdc

28 vdc

28 vdc

5 vdc

220 vac

500 vac

MISCELLANEOUS

Engine instrumentation system (valve poten-
tiometer)

Engine control system

Engine instrumentation system (transducers)

Engine instrumentation system (transducer
checkout)

Turbopump heaters

Engine pyrotechnic ignr_ers

Pyrotechnic igniters (2)

Pyrotechnic igniters (2)

Hypergol igniter (i)

Prefill fluid (105 gallons of ethylene

glycol and water)

I, 500 psig propellant kerosene (MIL-P- 25576)
or RJ-I fuel (MIL-F-25558) pressure

Gas generator igmtion

Thrust chamber nozzle extension ignition

Thrust chamber ignitiop_

Thrust chamber tube inert prefiii

Fluid power supply (prior to mainstage)

Figure 1-50. Engine Facility Requirements

Change Noo 1O - 16 July 1971 1-51
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Figure 1-51. Engine Start Sequence (Typical Single Engine) (Sheet 1.of 2)
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Paragraph:_ i-125 to 1-132
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(

1-]25. EEG!NE _..... i .....,_._ ._.].{_ AND IGNITION STAGE.

i-126. "fke engine ........._.._r_ _md ignition stage is

that lmr< o'," d_.eengine _:;_ra_:on that is initiated
with the wnmu:d f.tctuation of the engine start

switch :_'.l:l e:.:tends through the period during
whichtb propellant valves are opened, com-
bustion of the propei!:mEs is established, and

<,:F:.itisitJ.)L !tltO .q!aiiistfu.;'e ta_"KOf; place. The
_}ctdt':i,bT: Of iti:_? ,qqlP:i'; 0 ;:;::ir .!::,vi[c!I electrically
.... ; <
?t_it ;L:., 5., , &b[C.q:&t_C SiP.f\. _;CQdonco t_,'_t

C',J.'dS(.:_: i.: <' ..::ilOC_-:(_GL ',';LIV(} {:O rotate to the _?llgine

return :: <;::!on, tile ,>::,:idizu, F donie operational
puts< t: .'_otne on, ali<t a cite.el-tout valve timer
_o ,:.ne_ ,: c,. W.Uen t.b:" checkout vah, e tinter

expire::_ ::d the (:hoc:¢;ut valve is in the engine

rehnq; ._,_ it:on the _uroepump heaters t_re
de::.nev._:[zod, eic-ctr:cul ;)ower is applied to the
gas :re'.-,.r:_ior :tn.'_ nozzle exLension pyrotechnic

ignii,:.r , aaG a :_[ar[ dc-]ay timer energizes.
\Uhe:-: t_ c. :iar_ cich:)/ timer expires and burning
of the _::,:.t,'er_ :s electrically verified by the

sever_,n:;_£ of tlw igniter links, ti:e start sole-
noid of ilu:. engine control valve and an ignition

stag,<..:..rtt r ::re ,::-ner?::ized. The actuation of
......... o,,:,.u_{_ _au,,..,_, the control spool of

tile en[,inv control valve to shuttle, wMci: re-
moves :.::-?,wnd-supp] ed hyd-:'aulic closing con-
trol flu:e! [ram ti_e propellant valves and applies
the < " "',:.',h_: .,,>.fluid to the ..... -'_, p,nL_a port of the No. I
and N.v,. 2 oxidizer va'.ves and the inlet port of
the :.,,-,:- _:-, naonitor <:!re

i-12:'.'. Openin{,; of i:m: <_xic'Azer vaives permits
oxidie:<-" ¢o flow [o 1!:{: combustion zone of the

thru'_t <h ,.<.:ber and a;..5;o rnec>: nically opens
the ....<.'........_.. ace;--_ valves. When d:c, sequence valves

open :::.. _ o, fluid is directed to the opening
port el t!,(- ?:as ?:enerator ((;'trot vah, e. Open-
ing: <,f in, .?-as gene:,'ato: con..rol valve admits

l)ropeil:::_Ls to the ?gas l_enecntor combustor
where i:i:e propellants are ignited by the gas

1-128. \Vheu !:k_- f.:,.)i i-u;:4", _ii:;cim.r :c pr,:::::;.<_ce
attains approxi:natel) _..";r.__-:"_5, '-he bc:::'_.r:.< .

cochin: controi v:.l[ve opens ;i::.: di]'oc:_% _t:et to

the turbopump bearing:::: for :'._[,:"'" _.. ::,._,.... :: :-m:i

bearing " ": _r '" ,' .....coc, Ln.,,. Wheit the f:/[ pur, li3 (:l::,,..,.:_i[,,c.
pressure increases to appro:,:{:n:tbel), 3'[5 f::;i,?;,
the igniter fuel valve poppet is oKsc.a_ed. ;tdn:it-

{o- : _c [ *_t"tins fuel to the hypergol ._n.t .... '...... hy!:ergol
cartrid_:febu.cst _>._]u.._.-,-,-,._ r,,._;, "e " .....

:...... t ={,..([, ,)" .... ill:tOil

_ue]., [0 .( o',, [c the {ili'tls_ cii:_ilt[)cF c. t:i;,,t:_Elon

zone and establish i{/nitioi:. Tkc r::;':_,.ri::_ of
._he bvr,_,-_,ol cartrid,_;e .... _ .....(:,-:_31_l.U',IhS :._i!I[(%C_K-[ [ilQ

ignition monitor v:tlve, a:,d thi'ust _:_ _r,.i;er com-

bustion pressure of at:,proxinmtely 20 psi::,

sensed at the control port of the ignit:.o:,_ :nonitor
valve, (:::uses :.he ignition monitor vgtiv<' i;oppet
to shuttle. Shuttling of the poppe_ directs the

control fluid at tt:e inlet port to fh),v to i.he open-
ingports cf the No. i and No. 2 fuel valves.

1-129. ENGINE MAiNSTAGE.

1-130. Engine mains:age is Lhat period of

engine operation that is initiittedwhen the entdne

has attained 90 percent of its rated vl.,.rust.

7,ffainstage is signalled by the actuati on of the

thrust OK pressure switches. Durins' '-he tran-

sition into mainsta_e, the coni:rol -_y:-;Len_ '?,'_-'-
sure source is automatically K'a:.,.,:,ferc,:d to the
engine at ti:e _'u.me" em:.i._e.., ,m,"..... ,,:.>..a., -_v',_ <,.V" ' '_"'- ",_, ,--

sure exceeds g:vound-su.3i)t :_: p:'(:.: : u:'e \Vhon

the fuel valves reaci: -1::..7_ :_.:: -c':;i[:;.•>:,.; t":,.
supply vi{!-ve :_,_._]].Q _;""-Ut,-_ o ,,,.:" S(_ll-: CL" _i:Oi [1"_*.: ;:;_:,':-:;-

tern supply line is closed. E'I,c i_(-_Pi:i,.): ::;:age
timer_ which would n:-ve f,uitiat_(? ._,._.en .::he
cutoff if the fuel vah;es had :.// ,., ::;:,i<l .,:ithi:,'.

the time limit of the timer, exi.'.,J::'e:; :nd (lee:_-
ergizes tt:e engine _ntt _.1 vawe ._;t::: ::-;{,l(.n,Jid.
_fhe control spoo], is unaf:k.cted nc : :.._s_ :.he

spool has been hyd:it.:iieaily le'.:ke( iL the
valve's open position.

[:enecnt ,: i:]niters.

hot _(a:;,.=:. ,<:ce directed [hrou!_,;h the turbine and
the <hr_ s". chamber e>:imust manifold to the

nozzle ,_':_ep.sion whet,: :he gases combine with

the o:,',ut_:er-rich atmospi:ere in the thrust
ghaAloeF and are _., .......... 'by the nozzle extension

ip, n!tc_.{_ Flow of the _as generator combustion
L:a._}..":s:L.l"o_:gh the turbine causes turbopump
rota_i:> and the at_ep.dani:increase of fuel and

:m.':dlzerpump disc|mrt4e pressure.

Tnc resultant fuei-rich ........
1-131. ENGINE (Y@Z'OFF.

1-132. Engine cutoff is initLtced :eiectrica!l)>
by simultaneously energizing chc ,=ngine control
valve s[:op solenoid and the ge.cit_ lc:-vai sh.utdown
valve solenoid. V#ben the en{_?te con::ro: v:Cve

stop solenoid is energized, tke cortcoi spool.
is shuttled to the valve's closed yes:lion, which

removes opening pressure a,:zd %Splies closing"

1-56 Change No. 7 - 18 August 1969
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Pn.c_:,(r<,i,i_ i- i33

7";',*-,_,.......;,. < tc_ the propellant valves. Energizing
i:hu retiur,<b]i't shutdov.,'n valve permits the valve

to _iyd:'au[icalb" actuate and direct control sys-
........ uJ ,. to the override port of the engine

c,ttr::i v:-ive. O:-essure to the override port
will cause the cont','ot spool to shuttle to the

, q._.valv,,'s Nosed po_i_mn if the spool had not

repositionecl when the stop solenoid was ener-

!_<ize,_, When closing control pressure is ap-
o];,':-d;o the p,:opeli.'-tn,h vah, es, orifices in ;:h,:.

c,__r <_ i,xes will sequence the gas generw:or
centre] valve, oxidizec valves, and fuel valves
closed, in tha_ order.

t-133, At the time en[_x.e cutoff is initiated,
the tu_.-oopump beartu b heaters are reactivated

qnd th_ oxidizer se-:'vic._, purge is energized.
C,os.,:,.:,_ _ <.the Lja_:_._., geneFafior contro_ valve re-
:,k, ves power dmt driv<-s if-<. turbine and causes

rapid decay 6f fael di.._.:h:u'ge pressure. As
fuel pressure decays: "Lc igniter fuel valve

and ':.earing coolant control valves close. Clos-

tat; ,57 ::i_e oxidizer and fuel valves causes a

de,>., of uon_bustion zone pressure in the thrust
ch;;.n:b<:r :rod i:he resultant closing of the i[(ni-
don monitor v::lve. When both the No. i and

No. 2 fuel valves reach the closed position,
the :'i-eckou_: w¢lve is aut.)maticaily returned

to the: g_.'au.._ <i return position and [he ground
source conh'c] system supply valve is reopened
to supoty c-_o<-;n ,_,pressure to the propellant

valves until a].!residual propellants are drained

from the en&ine.

Change No. ? - 18 Aug,:;.{L._:i"5 !-F,0
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1-134. F-I ENGINE FLOW.

1-135. The following describes F-I engine

flow (figure 1-59) and events that take place
from the time of Customer acceptance of the

engine at Rocketdyne, Canoga Park, through

Apollo/Saturn V launch at Kennedy Space

Center (KSC). After offical acceptance of

the engine (sig__.ingof DD Form 250), modifi-

cations may be made or n:ah_tenance tasks

may be performed, with Customer approval,
before shipment. The engine, nozzle exten-
sion, and loose equipment are shipped to the

Michoud Assembly Facility (MAF)by either"
truck or ship. (Therm_ insulation (TIS) is

shipped to MAF by "truck. ) At MAF the engine
is inspected and then assigned to a stage,
desig-nated as a spare, or left unassigned.

Spare engines and unassigned engines are

processed to a specific condition and placed
in storage unt_ needed. The normal flow of
assigned engines consists of installing loose

equipment and TIS brackets, performing
n'-odifications and maintenance, and installing

_-,c _hrust vector control system on outboaa'd
_: yh_es. Single-engine checkout is performed,

,. ::4_-around ducts and hoses are installed, rand
engines a_'c installed in the stage. The

s ,._e and nozzle ,extensions are then shipped to
m_ Mississippi Test Facility (MTF) by barge.

1 236. The s'cage is installed in the static test

sc_.ad at MTF where _he engines are inspected,
aqd nozzle extensions, slave hardware, and
:/;atic test instrumentation are installed. A

c_"e-static checRout of the stage is performed,

fc, ilowed by a s_atic test, to determine stage

_,]ceptability amd flight readiness. After a
,_ccessful stage static test, the engines are
.nspected, tes_ da_a is reviewed, and the turbo-

_a-nps are preserved. The nozzle extensions,
_lave hardware, m_d static test instrumentation

are removed; then the stage is removed from
:n::_est stand, and the stage and nozzle exten-

s :a_ are shipped to 1%LAF by barge. During

nc:mJ stage flow at MAF, the installed-engines
are inspected and refurbished; then a post-
s:atic checkout and a pre-shipment (to KSC)

inspection are performed. The stage may be
s_ _red at MAF _ter engine refurbishment,

depending on the stage schedule. The stage_
nozzle extensions, loose equipment, and TIS

are shipped to KSC by barge.

i- 137. At KSC the stage is erected onto the

Launch Umbilical Tower (LUT) in the Vertical

Assembly Building (VAB), where a visual

Section I

Paragraphs 1-134 to 1-137
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Figure 1-59. F-i Engine Flow

inspection is performed_ loose equipment is
installed, ,nodifications are made, and main-
tenance tasks are performed. Stage mid engine

leak and functional tests are performed, and :_
final insta].latio_ of the TIS is completed, i!'i

While the f_st _"':: :,e is being prepared, ct_e_'
tasks are bein_ _-, _ '_._. _o prepare the remaining

stages and modules, mqd t.<e spacecr_c, to
mate and assemble the';a into the complete
Apollo/Saturn V Vehicle° The vehicle and i!

mobile launcher are ther,_ moved from &e VAB !:<i

to the launch pad on the crawler transporter, 'iil

where launch preparations and final checkouts I)i
are performed. With al] preparations corn- !:_

plete and all systems ready_ the Apoll0/Saturn ii
V is launched. After launch_ a post-flight data :i

evaluation is made, to determine that the S-IC

Change No. 9 - 4 November i970 1-63
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stage engines operated within the specified
values dn_ring vehicle launch.

1-138. ENGINE FLOW BEFORE FIELD
DE LIVE RY.

1-139. CUSTOMER ACCEPTANCE
INSPECTION.

1-140. Customer acceptance inspection is

perform_d when Contractor engd.ue activity at
Canoga ]'::<rk is complete. The Customer re-

views al I documentation including Component

Test Rec:u'ds, Engine Buildup Records, Engine
Test ik, :: ,rds, and Englne Acceptance Test
Recorg: _a the __;n_n_"- Log_ Book. The Customer

verifi.v_ h:-_t the engine c onfig-uration imforma-

tion on d_::, engine MD identification 9late
corresl:_ ,.d'_ to that .:,_"_*_::--din the E:._,ine_ Log

Book, a upon acc_ ::_:nce of all r, cords and

documu,:,._ion, signs DD Form 250, which

constitc_:<_:= official acceptance of the engine
by the Customer.

1-141. 9OST-DD250 MAINTENANCE OR
MODIFbCATION.

!-!42. k required before field delivery of an

engine:, post-DD250 maintenance or modification_
as rea_:_ ed by Engineering Ch.'mge Proposals

" (ECPs) m_d Engine Field inspection Requests
ii_ (EF!Rs) can be done at Rocketdyne with

_;_Customer,: approval. Upon completion of main-
tenance <_: modification,, the Engine Log Book

4-,-jis update, d, and the engine is accepted by the
Custome-.

1-143. EY:GINE SHIPMENT TO MAP.

1-144. 'The engine, nozzle extension, and

loose ecuipment is shipped to MAF by truck
or ship :.:_ directed by the Customer. See
fig"are i-60. Detailed requtrements for

shipping the engine are :n R-3896-9. Detailed
requirer::ents describing the use of handling

equipi_: _nt are in R-3896-3o

1-145. PREPARATION FOR SHIPMENT.

1-148. Preparation for shipment at the Con-
tractor' s facility consists primarily of removing
the eng-]ne from buildup and test equipment,
installing the engine and nozzle extension in
stripping equipment, and packaging the loose

eq_dpmento Engine Rotating Sling G4050 is in-
staLlea on the engine and a facility hoist lifts

the sling and rotates the engine from vertical
to the lowered (shipping)position, or from

horizontal to the lowered position. A gaseous

nifa'ogen purge is applied to the o._dddzer pamp

seal during the time the eng-ne is being rotated

to the horizontal or lowered position. Tae en-

gine is then secured on Air Transport Engine
Handler G4044 in the lowered position and the

sling removed. Ifthe engine i_ to be shipged

ere<s- ::otmtry by tr,_ck, rE, tti.:"b__,;d!ill_ b,d_.f_

pre:c::<i fixtm-e is ms::allcd. Ac_!ecl_ is t:_en }I
mad<- :. make sure tn._t ]'i,"',_._- CP, mber ._hroat I_

Se_.u_ :_:,. v.iosuz e L._Ot,.. ,_., :_, .:..,,,.,;,.,, tim., :vii _
.... ] . ades:: -.cant _s correct-iv secureci _:,_at the i,amiditv J

ram:e .s a.ecepiable. "that ooe:ii>,,,:ss are covered i{;

with suitable closu:ccs_ and that _e gimb:,_ iJ

bearing is inlniobillzefi\vitliGimoal i3ez_ip.g [i

Lock G4059. The fra.ne and Engine Cover []
G4047 are installed on the engine with the neces- !q

sary forms sealed in .he security pout!-. Using i]
a facility hoist and Engine Handler Sling G4052, i'i
the nozzle extension is installed on Nozzle [j

Extension Hmndling Fixbare G4080 and the loaded

nozzle extension inshailed on Handling Adapter
G4081. Because of shipping regula+dons govern-

ing transporLation of ignition devices, the engine
hypergol eax'tridge and pyroteclmic igniters are
not shipped with the engine.

ii
i-i47. SHIPPING BY TRUCK. I._

g_

_-!48. Trucks are used to transport the engine, H
nozzle extension, and loose equipment, cross- :'_

country or to and from dock si.,:es. Using a
facility hoist and Engine Handler Sling G4052,
the handler-installed engine an(! loaded nozzle

extension (installed on the l-ainc:_ .hA adapter) are
loaded and secured on a low-ben, air-ride-

equipped trailer. Loose equipment is packaged
in boxes, loaded by forklift_ and secured. For

cross-country shipping, a calibrated impact re-
corder is installed on the handler. A truck

transport clmcklist is used as a guide to verify
that specified procedures are performed before

truck departure and during cross-country
shipping.

1-149. SHIPPING BY SHIP.

1-150. The engine, nozzle extension, and loose
equipment are delivered to the ship by truck.
The low-bed trailer is positioned on the ship's
deck. Using a mobile e.rane, Engine Handler

Sling G4052, and tractor, the Handler-installed

engine is removed from the trailer, placed on
the cargo deck; then moved forward and

!!

H

_q

[;I

H

iJ

,]

©
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• _ /I._

I ENGINE, NOZZLE EXTENSION, AND

LOOSE EQUIPMENT PREPARED FOR
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.... ,-_ ,-Pk2.-"h
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F1-1 - 100

Figure 1-60. Engine Shipment to MAF
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Section I

Paragraph_ 1-151 to 1-162

R-3896-I

secured. The nozzle extension and loose equip-
ment are removed from the trailer by mobile

craue or forklift and secured to the cargo deck.

The water transport checklist is used as a g_ide
to verify that specified procedures are per-

formed before departure, in transit, and after
docking.

1-151. RECEIVING ENGINE AT MAF.

1-152. The Stage Contractor receives the

engine and is responsible for engine flow at
i_£AF. See fig-are 1-61. Detailed requirements

for engine receiving by truck and ship are in
R-3896-9. Detailed requirements describing

the use of engine handling equipment are in
R-3896-3.

1-153. RECEIVING BY TRUCK.

1-154. Engines, nozzl6 extensions, and loose

equipment received by cross-country truck or
by truck from the MAF dock are delivered to

the Manufacturing Building where the equipment
is visually inspected for shipping damage. If

arriving at MAF by cross-country truck, the
arrival time and date are recorded on the

impact recorder chart. Using the facility hoist
and Engine H,-mdler Sling G4052, the handler-
installed engine and nozzle extension are
moved from the trailer to the floor. Loose

equipment is removed from the trailer using
a forklift. The nozzle extension is routed to

the nozzle extension storage area, and loose

equipment is routed to the Engine Support
Hardware Center. The engine is routed to the

engine area or to the bonded storage area (if

mmssigned), where the impact recorder and
hLrbopump preload fixture are removed (if
installed) and returned to Canoga Park.

1-155. RECEIVING BY SHIP.

1-156. When the ship arrives at the MAF dock,

a tug, mobile crane, and low-bed trailer are
positioned on the ship' s cargo deck for the off-

loading procedure. Using Engine Handler Sling
64052 and the mobile crane, the engine and
nozzle extension are loaded and secured on the

low-bed trailer. The loose equipment is loaded
on the trailer by forklift. The trailers are
moved into the Manufacturing Building, where

the engine, nozzle ex@ension, and loose equip-
ment are inspected for shipping damage. En-

gine receiving then proceeds as described in
paragraph 1-153.

1-66 Change No. 9 - 4 November 1970

1-157. UNASSIGNED-ENGINE FLOW AT MAF.

1-158. Unassigned-engine flow at MAF pertains

to unassigned and spare engines. Upon receipt

at the Manufacturing Building, unassigned en-

gines are inspected for shipping damage_ moved

to the bonded storage area, inspected, and
stored until scheduled for modification and/or

assigned to a stage. Spare engines are proc-

essed through buildup and single-engine cimck-

out, moved to the bonded storage area, ,.nd

stored in a standby condition in case engiue

replacement is required. Single-engine check-

out is required for nil engines in storage over

six months. If any discrepancies are observed

during engine flow at MAF, Engine Contractor

persom_el perform unscheduled maintenance

and repair or replace discrepant hardware on

the engine. Discrepant hardware removed from

the engine is routed to the CM&R area, where

itis repaired and tested.

1-159. STORAGE RECEIVING INSPECTION.

!!

1-160. Unassigaled engines are visually in-

spected in the bonded storage area. The engine
cover is removed, and the engine inspected for

damage, corrosion, residual fluid on exterior
surfaces, and surface wetting on the hydraulic
control system exterior. It is verified that

specified areas of the engine are coated with
corrosion preventive, that humidity indicators
indicate blue, and flint line markings are cor-
rect. The turbopump preservation status is

checked in the En_ne Log Book, and the turbo-
pump is serviced if required. The engine cover
is reinstalled. Detailed inspection requirements

for engines in storage are in R-3896-II.

1-161. ENGINE FLOW AT MAF. (See figure
1-62.) i{

1-162. When an uninstalled engine is received

in the engine area, it is removed from Air

Transport Engine Handler 64044, rotated to the
vertical position, and placed on Engine Handling

Dolly G4058 using Engine Rotating Sling 64050
and the facility hoist. The engine is then moved
into a workstand where receiving inspection and

engine buildhp are accomplished. After engine

buildup, the engine is placed into a test stand for

single-engine checkout and installation of wrap-

around lines. The engine is then removed from

the test stand, rotated to the horizontal position, !(
and installed on Engine Handler G4069. The

oxidizer pump seal is purged with gaseous _'_"/
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Figure 1-61. Receiving Engine at MAF
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Paragn-aphs i-i63 to 1-171
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nitrogen durinf( engine rotation to the horizontal
position and for 30 minutes (minimum) there-

a.fi.-'_r. The engd.ne is moved to the Stage Hori-
zonu_: Final Assembly Area, where the en_ne

i._ prepared for installation, installed in the
stage, and inspected in preparation for shipment

to MTF. Engine modifications are made as
required durin_ engine flow at MAF. If any

disc=epancies are observed, Engine Contractor

persomnel perform unscheduled maintenance..
:._i _epair or ::__piacc hardware on the enjine.

Di_c;-'epant hard'rare removed from the engine
is routed _o d'_e CM&R area, where it is re-
paired and _s_ed. Detailed requirements

describing the use of engine handling equipment
:_.r :-:,in R-3896-3.

.- _63. RECEI-VrNG INSPECTION.

-'- .,=::':_ After L_stahation in the single-engine
: _ .,tand in ale engine area of the Manufacturing
_:._Sing, each assigned engine undergoes an

[i i :_rall visual -_eceiving inspection. The engine

._:_.dsually inspected for damage, corrosion,
"! a _.: i :_iSsing equipment; for evidence of fluid in
? !r-..? ;: line exits or on the engine exterior; and

i:'  . =facewetUn onthehy anZc oon ol
_> ;+_rn exterioz-. It is verified that corrosion

[!i_, _ _mtive and aluminum-foil tape is present in

_gi9?_ified _ireas_ line markings are correct,

it! hun !di W indicators indicate blue, and there
_; at;- no voids in the turbopump housing cavity
[!i fi![ z material A clean oolyethylene bag is

!_' L. _.iled on the fuel overboard drain line, the
_ tt'zbopump preioad fixture is removed, and

er_ff_cesizes and serialized components are

ch,-cked against _hose listed in the Engine Lo_

Look. Deaailed inspecNon requirements for

en:_ines received at MAF are in R-3896-II.

!-.:.65. ENG_E }BUILDUP, MODIFICATION,
"_" MLAINTENANCE.

:--!'86. LOOSE K_OIPMENT INSTALLATION.

Lo,_se equipment that does not interfere with
_:_i_.51e-engine checkout is installed during en-

gh_ btildup. The electrical cable support post

is .,.n,_flalledo_ only on engines assigned to the out-
boa:-e Positions. The interface panel-to-
o>_idizer inlet insulation seal is installed on

aH engines. Wrap-around ducts and hoses are
not installed at this time.

1-187. THERMAL INSULATION BRACKETRY

INSTALLATION. The field-installed thermal
insulation bracketry is normally stored at MAF

until installation on the engine. All brackets

are installed except for the bracket tha_.ntlaches

to tJ_e engine handling bearing;. T_'e,, e..o_n_'-,_-;,_

handling bearing is an attach point for securing
the en_ne onto Engine H¢mdler G4069; ti_crefore, [i
the bracket is installed after the engine is in-

stalled on the stage. Requirements for installing
thermal insulation brackets are in R-3896-6.

1-168. MODIFICATION AND .tiAIN'fENANCE.
Mo_ficaatons :u-e'made anu _naintenancc' tasks

are performed during en_in_- buildup, whenever
possible. Engine modificatious and special

inspections consist of incorporatini_ retrofit "kits,
as a result of Engineering _""C _u-n._e Proposals

(ECPs), and ilup!c._entin_ Engine Field Inspec-
tion Requests (EFiRs). Engine raaintenance

involvinz component removal and replacement
or turbopump disassembly, if required, is done
in the engine ",,vork_tm_ds. Component modifi-

cation, repair_ a::d Lit:c._o;ml tesD.ng are done
in the environmentally controlled CM&R area°

1-169_ THRUST VECTOR CONTROL SYSTEM
INSTALLATION. The tlu'ust vector control

system is installed by the Stage Con u'actor on _]
en_nes assi_ed to the outboard positions. _._'_
TMs system consists of two g_mbal actuators, !i
hydra_c supply and return lines, and a hy- i_:i

draulic filter manifold_

1-170, SINGLE-ENGINE CHECKOUT.

1-171, Single-engdne checkout is done after
receiving inspection and alter engine buildup

tasks are complete_o The engine is installed
in the test stand, where the ig_tition monitor

valve sense tube is disconnected_ T!must Cham-
ber Throat Secm-ity Closure G4089 removed,

and Thrust Chamber Throat Plug G3136 installed.
All connections are made between the engine
and Engine Checkout Console G3i42; facility

electrical, pneumatic, and hydraulic sources
are applied to the console; and the console is
prepared for operation. Electrical system

function and timing tests_ a turbopump torque

test, pressure tests valve timing tests, and
leak and function tests are done in accordance

with the detailed requirements in R-3896-11.

Upon completion of engine checkout, the ig-nition

monitor valve sense tube is connected, Thrust

Chamber Throat Plug G3136 removed, and

Thrust Chamber Throat Security Closure G4089

installed.
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Section I

Paragraphs 1-172 to 1-179

R-3896-1

1-172. WRAP-AROUND DUCT AND HOSE

INSTALLATION.

1-173. The loose-equipment wrap-around ducts

and hoses are installed on the engine in the test

stand after single-engine checkout. The helium,
GOX, and hydraulic wrap-around ducts and the
purge and prefill hoses are installed and con-

nected to flanges used for test setups during
engine testing. The ducts and hoses are alined

using alinement tool: T- 5041233 and supported
with support set T-5046440 to prevent movement

until the engine is installed in the stage and
interface connections are completed. The en-
gine is then removed from the test stand. De-

tailed requirements for installing and alining
wrap-around ducts and hoses are in R-3896-3.

1-174. ENGINE ]INSTALLATION AT MAF.

(See fignre 1-63:)

1-175. PREPARATION FOR ENGINE INSTAL-

LATION. The engine is rotated to the horizontal

position and installed on Engine Handler G4069

using Enbdne Rotating Sling G4050 and the facility
hoist. The oxidizer pump seal is purged during

engine rotation to the horizontal position and for

30 minutes (minimum) thereafter. After re-
mox/mg the interface panel access doors, the

oxidizer and fuel inlet covers are removed, the

inlets inspected for contamination, the oxidizer
inlet screen and seal secured in place, and the
inlet/; covered with Aclar film. The fuel over-

board Cwain system is isolated using clean poly-

ethyie:ae bags. The gimbal boot cover is re-
mo,zed, cad it is verified that the gimbal bearing

locke; j_:t installed_ the electrical cable support
post :_b installed on engines assigned to outboal.d

posiii_;_,s, and the engine gimbal wrap-around
lir_e_ a.v-: installed and adequately supported.
When ready for installation in the stage, the

engine is moved to the Stage Horizontal Final
Assembly Area and positioned under a mobile

hoist (A-frame). Thrust Chamber Throat Se-
curity Closure G4089 is removed and the thrust
chamber inspected. The engine horizontal

installation tool is suspended from the mobile
hoisc, prepared for engine installation, and then
instali_:M in the thrust chamber. The engine is
then removed from Engine Handler G4069 and

raised and rotated to the position required for

engine installation. Detailed requirements for
fuel overboard drain system isolation and engine

preparation for installation are in R-3896-II.

1-176. ENGINE INSTALLATION. (See figure [_
1-63.) When preparations for engine installation
are completed and the engine is correctly post- i'i

tioned in the stage, the engine gimbal bearing is i:1
mated and secm'ed to the stage attach point. On !i!

the outboard engines, the gimbal actuators are i_i
secured to the stage actuator locks, wlfile on the

inboard engines, the stiff arms are secured to ill
the actuator locks. Gimbal bearing locks ar_ _d

removed, and the o.mba, boot is reinst'f_!ed c,n i!

the gimbal bearing. The engi_.caorlzo;:ad m--
stallation tool is removed fron" the ;i_rust chain- 'I'

ber after the engine is securecl to the stage; iii

then the Thrust Chamber Throat Security Closurell i
G4089 is installed. Aclar fihn is removed from !I

engine oxidizer and fuel inlets, fuel inlel seals _i
and screens are installed, and stage ducting is
connected to the engine inlets. The interface

electrical connectors and stage pressure switch

checkout supply line are connected at _he inter-
face panel, and the wrap-around ducts s.nd i_oses
are connected to the stage. The thermal insula-
tion bracket that attaches to the engine handling

bearing is installed as' specified in R-3896-8.

Detailed requirements for installing the engine
are in R-3896=II.

1-177. MANUFACTURING INSTALLA%_:ON

VERIFICATION. When engine installations and
stage assembly are completed, the Stage Con-

tractor performs a manufacturing installation
verification. This verification consists of a

gaseous nitrogen leak test of the en_ne interface

connections and stage systems.

1-178. INSTALLED-ENGINE INSPECTION

BEFORE STAGE SHIPMENT TO MTF.

1-179. The installed-engine inspection before
shipment to MTF is made after the _* _ ,
bly and verification tests are complete° Each

engine is visually inspected for damage, corro-

sion, and missing equipment; for evidence of

fluid in drain line exits, fluid on the en_ne
exterior; and for surface wetling on the hydraulic
control system exterior. It is verified thai cor-

rosion preventive and aluminum-foil tape is
present in specified areas, line markings are

correct_ the humidity indicator in the thrust
chamber throat security closure indicates blue,

and there ;ere no voids in the t'arbopump housing

cavity fill_r material. The fuel overboard drain
system isolation polyethylene bags are visually

inspected for fluid. If fluid is present_ the bags

!I

]
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Paragraphs 1-180 to 1-181

/

J i _/( %.,<,:r "._',J'.L._ _'v/)J

• " _,)% . . _-- W ,
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EN(;INE _ I ANi) I{ORIZONTAL INSTALL-CIiECKOUT ATION TOOL INSTALLED

, i

7

:n\/i .". .. _;i\Tr--_ '.:;£4:_' _, ,/',__,_-:.", "m _//t I_,'-,-,_:, "_ J

..... , ; - ,. ._.:/ :_ ., , c,__,iT-----_ _--__ ,
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Ji/ "N< ,L, _:_,"_,

' , ,'r'_,4_..._,, .<" _,...., ._< _.t.. 11/

I TOSTAGEENGINES INSTALLED IN ] ' CIIECKOUT
STAG E

FI-I-103

Figure 1-63. Engine Installation at MAF

ace emptied and the quantity of fluid is measured.

if! The status is checkedturbopump preservation

_ in the Engine Log Book, and the turbopump is

li_ serviced ifrequired. A final updating of the
i?iEn_ne Log Book is made before engine ship-

_iment to MTF. Detailed procedures for inspec-
......> ; +Ang the installed engine before shipment to

i!_TF are in R-3896-II.

1-180. STAGE SHIPMENT TO MTFo (See

figure 1-64.)
L1

1-181. When installed-engine inspection is ii
LI

complete, the forward stage cover _d engine []

covers are installed, the workstands and plat- I!

forms are rolled away from the engines, a li
tractor is connected to the stage transporter,
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R-3896-1 gee don i

Pazagraphm 1-182 to 1-191

_ _,d the slz,,c,is pulled to the MAF dock. The
_i :,_:;i:" i:, 1,,;_'_, d onto the barv, e and secured. The

w;zzt_ _zt_:1J:._,:,'_ arc lea(led on 1uvl-bcd tz'aller3_
towed to the _,/L,%1,'dock, loaded on the barge

using a mobile hoist, and secured. The barge

is then moved to MTF by tug.

!-182. STAGE FLOW AT MTF. (See fig_are

!i! i-65.1 ._
h '

!! _-183. The stage is received at MTF and in-
i_ stalled in tbc test stand. The engine covers

i _e removed> and receiving inspection is per-
formed. The nozzle extensions, slave hardware

! normally stored at MTF)_ and MTF static test
nst:cumentation are instal!ed; then a pre-static

_eckout is -)erformed. Thermal insulation is

.:. required for static test_ therefore it is not
: stailed. Entwine maintenance is done and

modifications are made as required during en-

ii gine flow at MTF. Upon completion of pre-firing

i! preparations, the static firing test is performed.
_:iAfter static test, the engines are inspected; the
!i ::est instrumentation, slave hardware, and
!! nozzle extensions are removed; a pre-shipment

inspection is performed; and the stage and
, nozzle extensions are removed from the test

stand and loaded on thebarge for return to MAF.

!-184. STAGE INSTALLATION IN TEST

STAND.

i:i

[;

::i

[,

1-185. Wheu the stage arrives at MTF, the
barge is docked next to the test stand. Test
Cand overhead cranes are attached to the for-

_urd and aft ends of the stage; the stage is
lifted clear of the stage transporter and barge,

rotated to the vertical position, and positioned
into the test stand. During rotation to the

vertical position, the thrust chamber and ex-
imust manifold are monitored for fuel leakage.

The stage is secured to the test stand with
mechanical holddowns; stage/facility propellant,

hydraulic, pneumatic, and electrical connec-
tions are secured; and engine covers and engine
oxidizer and fuel inlet screens are removed.

1-186o ENGINE RECEIVING INSPECTION.

1-187o After the stage is installed in the test

stand, the engines undergo an overall visual
receiving inspection. Each engine is inspected
for damage, corrosion, and missing equipment
and for evidence of fluid in drain line exits. It

is verified that corrosion preventive and
aluminum-foil tape is present in specified

areas, the engine soft goc_:is insml!ed life is
within spcci[ied limit:,, a_-,d there ;.r<;no voids

]n the turbopump h<,'._:-,ini,, cavilv iil]_:c _)at(-rial.
The fuel overboard (h'_dnsystem isolation poly-

ethylene bags are visually inspected for fluid.

Iffluid is present, the ba_s are emptied and the

quantity of fluid is measured. Engine orifice

sizes a.nd serialized components are checked

against those listed in the Enzine Lo?: Book.

Detailed inspection reqturemen[': for installed

engines received at MTF _u'e in R-3896-11.

1-188. INSTALLATTOI< _,,'_'_'_,NOZZLE EXTEN-

SIONS, SLAVE I-LkR!)\VAt{E, AND MTF STATIC
TEST INSTRUIvIEN TA TION.

i-189. The nozzle exi_._s:ons, slave hardware}

_nd MTF static test instrument'_.tion are installec

on the engines after tke stage is installed in the

test stand ana after rea_wing L_speetion. Using

Engine Handler Sling G4052 and overhead cranes

the nozzle extension is removed from the barge

and from Nozzle Extension Handling Fixture

G4080 and Hm_dling Adapter G4081 and placed

on Engine Vertical Installer G4049 on the lower

strandwork platform. The installer, with nozzle

extension, is positioned below the engine; then
the nozzle extension is installed on the engine,

and the installer lowered. The polyethylene bag_

are removed from the fuel overboard drain sys-

tem, and the slave fuel, oxidizer, and nitrogen
overboard drain Hnes are installed. The slave

igniter harness and MTF static test instrumenta-
tion are then installed and connected. Detailed

installation requirements are in R-3896-II.
Detailed nozzle extension handling requirements
are in R-3896-9.

1-190. STAGE PRE-STATfC CHECKOUT.

1-191. The stage pre-static checkout is per-
formed on all engine and sta_je systems. Imme-

diately preceding pre-static checkout, Thrust
Chamber Throat Security Closure G4089 is re-
moved and Thrust Chamber Throat Plug G3136
is installed. The checkout consists of electrical

hydraulic, and pneumatic leak and function tests.
A simulated static test, which simulates stage

preparation, engine start, ignition_ mainstage,
and cutoff sequencing, is performed to verify
stage acceptability for static test. Detailed

pre-static checkout requirements are in
R-3896-II.
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R-3896-1

Parag-rapi_s i-!92 to i-203

/

!_,1-192. STATIC TEST.
i
i-i_oo When ailrequired checkoutprocedtu'es,

n_,dL_cat_ons_ and maintermnce are completed,

an,_ the Thrust Chamber Throat Plug G3136 is

re,noved_ the hypergol cartridge and pyrotechnic

ig-nitersare installed and checked out and the
test area is cleared in readiness for static test.

A !25-second; uminterrupted-duration stage
scL,tic test is made to checkout all electrical-

e_e,:tronic, :)ro,puls_"r:,,mechanical; pressurJ za-

_,o_, 9ropelh n<, _na control systems _i<,_u,_c-

Lien <:arini¢a<:c_tlicou:Itdown, launch, a_idili[iil£.

./_,_-_s_men-,(,u,: : of the static test are record,_<

..... d _]roc.:ess:<: to (ietermine stage acceptah, Ai_y
r.,.;d Dight r_ __'<ncsso f'i_e engine start for the

tge is a Z-.i-! sequc,_ce: the center en iae
±11 SL, _.n.t_"dlC: .f.maining outboarct c;,._iiles

ari in opp(,s,d _¢roul,s of bye. The engine cut-

is a 3-2 :_ci,c¢: the center en_neandhvo

<,4)ositeout.)o:,rJengines cut off first;then the

r<-maining _.,".,....: _oard engines cut off. The

singie-en_gr.{__art anti cutoff sequence flows

_2_'einfig_ures ]-57 and 1-58.

_ _'I ENC_,$E LNSPECTION AFTER STATIC

TEST.

-_-_95, Th_ ,_r._neand nozzle extension are

_::.pected vi:uaily after static test to verify that
.t:amage did no_ occur dtu'ing the test. Detailed
>_soection rem_irements are in R-3896-II and

:_.__:_de inspec_m_ for exterior damage aria

r-:_sing aiumi:mn_ tape between tln'ust chamber
_n.m.ust manifold and tM'ust chamber tubes;
_:_szde of thrust chamber for tube and injector

_. &unage_ injector contamination, _md liquid
leakage. Other inspections are for tension tie
deformation, beat or broken studs, nozzle

{

_ extension for carbon deposits around flange

area, and internal damage and erosion.

1-196. STATIC TEST DATA REVIEW.

[I!-z9 _. 'The static test data is reviewed after

!is[azic test to deter}nine that the engine is oper-

ii ating within specified limits. Test instrumenta-
i_ tion readings are examined to detect abnormali-

, ties, sudden shifts_ oscillations_ or performance

{near the minimum or maximum limits_
, 1-198. TURBOPU]VIP PRESERVATION.

i:L-199. The _-_rbopump is preserved within 72

':aours after static test. After removing fluid

!i through the turbopump No. 3 bearing drain line,

i'_ d_e turbopump bearings are purged with gaseous
_! nitrogen, and five gallons of preservative oil is

supplied to the bearings while the turbopump is

slowly rot:_ted. The fluid is then drai<ed ':

through the No. 3 bearing,: drain lh:c 2rid {!<_

bearings are ag?An pm-ged witi- g:.,:>:<.,,u._,;tlir,:):.:en t
The preservation date is ra_:orde: i_:. _:{. I,:p./.L,_e :.

Log Book, ::i

1-200. REMOVAL OF _OZZLE :s _,.......1 .['"'S[ON_,_,.,,

SLAVE HARDWARE, AND MTF STAI'IC TEST
L-NSTRU ME N TATION.

1-201. Engine Ve).'. ca" _{:;:'::.,tier., "_,_''-::_ J._ " :..s=-
::oned'bolo',v ti:e - ,: : , ,..,. ..

ex[ensio:: renlov,.(_ :..'::,.: ..... ,c .i< :i,:, ,.!, it),,., o:,,d

oni:o the ins_!ie:-', b 5n..: En'.!:in - ; ::_r<tie:' S.Ip.:
04052 m_d eve:" :_-...... : .c : .'.- -: , [l_<; .,ozz:,_ e:.::t<:nsimt
: e renloved fro'a: • i-,_._ "'_k,"r ::ns_&l__ed on

X ozz!e Extension L..::.dii>_; _.hxture G4080, :tnd
• " ,. _.. _i ,,<_. "-iandling'q:e loaded nozzle ex_:t);::(:,, ._,_,: ....... o;,.

.%!apt_:." C4081. The sh:.e _u_rd,.vare, consisting
)f :col .g-verboard drain :_._os an:: :"..c :jniter

i,:..rnes_:, is removed, ..... n('d, .....:c('c,:. and

:-:,f:_i_', )r replaced, ,-e0ui:'. d, for reuse
d_r_ng the next static t( .:;.. '±_he A.el overboard

dr%in system is isolate. '_ .... ,_...... _o (:::c,<n polyethylene

bags. The ex]}ended i.gni_ers ano _,yper,5ol car-
tridge are removed. The M'OF s t :,g_c test in-

• , , ...... /-1.sirunlent&tiollis _isgonlleg-£ed [lllc_i u_lo\,<:_ and

the instrumentation ports p!ui_gecl _n-m_ed.iately

by incorporating the appl ca!._ie,-<:L:'ofiikit speci-
fied in Modification Instruc_ic,n I%-5286- :'9]

(ECP FI-391). The Thrust C;m,,_u_,. ;_o_

Security Closure G_08_: is in:_tit!le¢,i%,,q:aiied

removal requirements are in R-3896-_ , De-

tailed nozzle extension handling requ_:'e::'_ents

are in R-3896-9.

_-_n2. INSTALLED-ENG_E I]qSPECTION

BEFORE STAGE SHIPMENT TO MAF.

1-203. The engine is inspected befo,'e shipment
to MAF and after ail post-static-test ::as_s :ire

complete. Each engine is visually inspected
for damage, corrosion, and missing equipment;
for evidence of fluid in drain line exJ.ts or on the

en_ne exterior; and for surface wett[ng on the
hydraulic control system exterior., it is verified

that corrosion preventive and aluminum.-foil tape

is present in specified areas, iine markings are
correct, the humidity indicator in the thrust
chamber throat security closure indicates blue,

and there are no voids in the turbopump hous_g

cavity filler material. The fuei overboard drain
system isolation polyethylene bags are visually

inspected for fluid. If fluid is present, the bags
are emptied and the quantity of fluid is measured.

All engine protective closures are installed upon
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completion of visual inspection. Itis verified

ii_atthe humidity indicator in the thrust chamber

throat security closure indicates blue at the time

of s|fipment. Detailed inspection requirements
are in R-3896-11.

1-204. STAGE REMOVAL FROM TEST STAND.

1-205. After engine visual inspection, the en-

gines and stage are prepared for removal from
the test stand. Tlie engine and stage covers are

installed; stage/facility propellant, hydraulic,
pneumatic, and electrical com_ections are dis-
connected; and mechanical holddowns are re-
moved. Test stand overhead cranes are

attached to the forward and aft ends of the stage;

the stage is lifted clear of the test stand, rotated
to the horizontal position,., and installed on the
stage handier on the bai'_ie. The oMdizer pump

seal is purged duxin::; ,:,_ine rotation to the hori-
zontai position and for 30 re:mutes (minimum)

thereafter. The nozzle extensions, installed on

Nozzle Extension Handling Fixtures G4080 and

Handling Adapters G4081, are removed by over-

head crane and loaded on the barge. The stage

transporter andnozzle extensions are secured

on the barge for shipment. A final updating of

the Engine fog Book is made before shipment
to MA_F.

1-206. STAGE SHIPMENT TO MAF.

1-207. 'Pe barge, containing the stage and

nozzle ex_qnsions, is moved from MTF to MAF
by tug. <;pon arrival at'the MAF dock, a tractor

is conne d;ed to the stage transporter, and the
stage is pulled from the barge and towed to the

Stage Checkout Building. The nozzle extensions
are loaded on low-bed trailers, using a mobile

l_oist, and towed from the barge to the nozzle

extensio_ storage area.

1-208. STAGE FLOW AT MAF. (See figure

i-66.)

!-209. The stage is positioned in the Stage
Checkout Building at MAF, and workstands and

platforms are installed to aid access during
inspec.:ion and checkout. The engines undergo
a receixdng inspection, refurbishment, post-
static checkout, and pre-shipment inspection.

A storage period may be required after refur-
bishment, if so, the stage is prepared for
storage and stored for a specified time before

post- static checkout.

1-210. ENGINE RECEIVING INSPECTION.

1-211. After positioning the stage in the Stage

Checkout Building, the engines vndergo an over-
all visual receiving inspection. Each engine is

inspected for damage, corrosion, and missing
equipment and for evidence of fluid in dr_dn line
exits. It is verified that corrosion preventive
and aluminum-foil tape is present in specified
areas and that there are no voids in the turbo-

pump housing cavity fillermaterial, The fuel

overboard drain system isolation polyethylene

bags are visually inspected for fluid. Iffluid is

present, the bags are emptied and the quantity
of fluid is measured. Engine orifice sizes and

serialized components are checked against those

listed in the Engine Log Book. Y:is vei-ifiedthat

the humidity in the thrust ch¢naoe[_ thro_,tsecurity

closure indicates blue. Detailed inspection re-

quirements for installed engines _'eceived at
,%IAF are in R-3896-11.

1-212. ENGINE REFURBISHMENT.

1-213. The engine is refurbished ,_tel receiving

inspection. The engines are first cieaued of any

foreig_ matter and corrosion thai .'_,-ay ha".e x'e-

suited from ex_posure to rain_ humidity, _-_,_d
or dust. The oxidizer dome insulator is installed

in accordance with requirements specified in

R-3896-6. The flight igniter harp.e:;s i_ installed,

tested, 'and connected in accordat_c.? wii:h re-
quirements specified in R-3896-,i. Cratsm?_.ding
maintenance or modification, as required by

ECPs and EFIRs, is done during ihe refurbish-

ment period.

1-214. STAGE STORAGE.

1-215. Storage of installed engines is scheduled

following completion of refm'bishment. The
amount of time the stage remains in sto:zage is

determined by the Saturn V vehicle launch

h
<.J

i:!

!:!

!;

j

[i

i

i?:

i'

!

schedule. Stage storage, in excess of six mon d_s, ili
requires that engine post-static checi_out be per-
formed when the stage is removed from storage. _:_
Installed engines are visually inspected for dam- !i

age, corrosion, and missing equipment, and for _!i!
evidence of fluid in oxidizer and nitrogen purge [I
overboard chain lines. It is also verified that i.i

corrosion preventive and aluminum-foil tape _s i::iI
present in specified areas, the gimbal boot is
installed, there are no voids in the turbopump
housing cavity filler material, and that fuel

overboard drain system isolation polyethylene L'

\._j
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_I STAGE AND NOZZLE EXTENSIONS RE- !i
FROM MTF ............ MO_(ED FROM BARGE AT MAF DOCK

STAGE TRANSPORTED TO

STAGE CltECKOUT BUILDING

/

i_ t_-..-.h/i '¢' '._ _"-'_, ._4 ,!;7o }7_, ov" ...... ":':'TfOl

----'--'---""'_:1_'_ CttECKOUT, AND PREPARATION I"Oll iI _

I SHIPMENT OR STOI_'GE J I

STAGE, NOZZLE EXTENSIONS, LOOSE EQUIP- I

MENT, AND THERMAL INSULATION LOADED

ON BARGE AND TRANSPORTED TO KSC

, _ TO KS C

Fl-l-106

Figure 1-66. Stage Flow at MAF
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bags do not contain fluid. If fluid is present,
the bags are emptied and the quantity of fluid is

measured. The h_bopump preservation status
is checked in the Engine Log Book and the turbo-

pump is serviced if required; desiccants are
installed in the thrust chamber throat security

closure and the closure is installed; and humidity
indicators are checked for a blue indication.

The engine-to-stage gimbal actuators are locked

to prevent engine movement, and the stage is
stoi'_a m an environmentally controlled area.

The engines are inspected periodically during

storage. Detailed inspection requirements for
installed engines in storage are in R-3896-II.

1-216. POST-STATIC CHECKOUT.

1-217. ine post-static checkout is done after

refta-bismnent tasks are completed, after a
stage is removed from storage on which a post-

static checkout had not been previously accom-
plished, oi- after stage storage has exceeded
six months_ The post-static checkout consists

of complete electrical, hydraulic, and pneu-
matic le_._k and flmctional tests of the installed

engines and stage systems. The post-static

checkout is completed with a simulated hunch
test hhat consists of stage preparations, engine
sta_',:, ignition, mainstage, liftoff, flight, and

engine cutoff in the prescribed sequence to
assure Cight readiness of the engines and stage.
Post-static checkout includes a flight instru-

mentation function test, turbopump torque test

and heater function test, leak and function test
of the bearing coolant control valve, hypergol

marifoid, thrust OK pressure switches, thrust
chamber prefill line, ignition monitor valve,

oxidizer dome and gas generator oxidizer injec-

tor p_'ge system, oxidizer pump seal purge
system, cocoon purge system, and hydraulic

system. Leak test of the thrust chamber, heat
exchange_ _ helium and oxidizer systems, propel-
lant iu-ei and oxidizer systems, exhaust system,

and valve timing function tests are also accom-

plished. Engine s _tart and cutoff flow sequences
are in fig_ares I-57 and I-58. Installed engine
tests are conducted in accordance with require-

ments specified in R-3896-II.

1-218. INSTALLED-ENGINE INSPECTION

BEFORE STAGE SHIPMENT TO KSC.

1-219. The installed engine is inspected before

shipment to KSC and the Engine Log Book is re-
viewed after post-sLatic checkout tasks are

completed. Each engine is visually inspected

1-78 Change No. 9 - 4 November 1970

for damage, corrosion, m_d missing equipment;

for evidence of fluid in da'ainline e_ts, fluid on

the engine exterior; and for surface wetting on

the hydraulic control system exterior. It is
verified that corrosion preventive and -_iun_inum-

foil tape is present in specified areas, that line

ma_'kings are correct, that the humidity indicator
in the thrust chamber throat secu_'ity closure

indicates blue, and tlmt turbopump housing cavity
filler material does not contain voids_ The fuel

overboard drain system isolation poly_/,_ylene

bags are visually inspected for fluid. _ fluid is

present, the bags are emptied and the quantity
of fluid is measured. The :_urbopump preserva-
tion status is checked in the _h_gine Log Book,

and the turbopump is serviced if _'equi_ed. A

final updating of the Engine Log Book is made
before engine sl_pment to KSC. Detailed pro-
cedures for inspecting the installed before

shipment to KSC are in R-3896-Ii.

1-220. STAGE SHIPMENT TO KSC.

1-221. After the engine pre-shipment visual

inspection is completed, the forward and aft
stage covers are installed, workstm_ds and plat-
forms removed, and the stage pulled from the
Stage Checkout Building to the MAF dock for

transport to KSC by barge. The nozzle ex'cen-
sions, engine loose equipment, and thermal
insulation are loaded on low-bed k-ailers and

translhorted to the MAF dock wl::e_-e they are
removed from the trailers and loaded on the

barge and secured for shipmm_ Handling re-

quirements for nozzle extensions and loose
equipment are in R-3896-9. Afte-_" the nozzle

extensions, loose equipment_ and thermal insula-
tion boxes are loaded and secuz'ed, the stage is

loaded onto the barge and secured. The barge
is then moved to KSC by tug.

1-222. STAGE FLOW AT KSC. (Seefig'dre 1-67.)

1-223. The barge arrives at the KSC dock where

the stage, nozzle extensions, loose equipment,
and thermal insulation boxes are off-loadedo

The stage is towed from the dock to the Vertical

Assembly Building (VAB). The nozzle extensions,
loose equipment, and thermal insulalion boxes
are loaded on low-bed trailers and transported

to the VAB. The stage is removed from the
stage transporter and erected onto the Launch
Umbilical Tower (LUT) where the engine visual

receiving inspection, loose equipment ins'mlla-
tion, modification and maintenance, stage and

engine leak and functional tests, and thermal

/I
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. , , _.:_-::i,_i...................

S'i AC.I. X()ZZI,i'2 EXTI£NSIONS _i S'!'.2,:!" HANS, Ot( i': •

:'I(()M _ '. &,OHE I-,_,)IIPMFNT. AND TttI'210,_.,'_ _] '-'O V!,T.ii'.CAI., .;._F.,",,2_i.

MA! "_ IN- I.ATION Rt:IMOVED FROM SHIP _ 2" ; ].X_.

/ A. KS(, DOCK

STAGE PLACED IN LOW BAY

OF VERTICAL ASSEMBLY BUILDING

FOR PRE-ERECTION PREPARATIONS

!
I

STAGE REMOVED

FROM TRANSPORTER

AND_STALLED

ON LAUNCH

UMBILICAL TOWER

NOZZLE EXTENSIONS.

LOOSE EQU Ii'MEN'_ ,

THERMAL INSULATION,

SHROUDS, AND

FAIRINGS INSTALLED

FI-I-I07

i

i I

Figure 1-67. Stage Flow at KSC
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insulation installations are accomplished.

These tasks are conducted concurrently with
the Saturn V vehicle assembly and testing. A

final updating of the Engine Log Book is made

after engine activities during stage flow are
complete.

1-224. STAGE INSTALLATION ONTO LAUNCH

UMBILICAL TOWER (LUT).

1-22!: .... The stage is received in the low bay of

the V..',_3. The forw2.rd and aft stage covers are
removec, and the sh%,,e and engines prepared
for rotation and installation onto the LUT. The

Engine Service Pla<-fo_-m (ESP) and the LUT are
moved into the high _a.y. The stage > on the

tray., :,_>,_:cter, is morea from the transfer aisle
to t:m erection bay _:i_.ere the stage is removed
from ,_:_: tr-,msporte: and rotated to the vertical

position by overhead cranes. The stage is then

mow_d :::z high bay crane and erected on the LUT
and secared with four mechanical holddowns.

The I.:SP and LUT level platforms are positioned

around the engines for receiving inspection.

1-226. ENGINE RECEIVING INSPECTION.

1-227. Alter the stage, is installed onto the

LUT, protective closures are removed and the

en_{in_ _ undergo an overall visual receiving
ins]?c,:::ion. The ena!nes are inspected to verify

thai ,%::n%age did not occur during shipping and
that ai! equipment listed on shipping documenta-
tion _,,'as _'eceived. Each engine is inspected

tel - 0-:.:nage, corrosion_ and missing equipment;
for =z'".,.::enceof fluid in drain line exits, fluid

on th9 engine exterior_ and for surface wetting

on the i_ydraulie control system exterior. Itis

verifie(ithat corrosion preventive and aluminum-

foil•tall;ais present in specified areas, the en-

gine sc>ftgoods installed lifeis within specified

limits: there are no voids in the turbopump

housing cavity fillermaterial, and that turbo-

pump _nd outrigger arm surfaces do not contain

scratches through paint. The fuel overboard

drain system isolation polyethylene bags are

visually inspected for fluid. Iffluid is present,

the bags are emptied and the quantity of fluid is

measured. Engine orifice sizes and serialized

components are checked against those listed in

the Engine Log Book. Oxidizer and fuel high-

pressure duct covers and thrust chamber covers

are installed after visual inspection completion.

....Detailed inspection requirements for installed

engines received at KSC are in R-3896-II.

1-228. LOOSE EQUIPMENT _ " A _ "

1-229. The engine loose equipment is installed

after engine receiving inspection is complex.cal.
The loose equipment consists of the nozzle exten-

sion, oxidizer overboard drain line, fuel over-
board (h'ain line, nitrogen purge overboard

drain line, and fuel inlet elbow-to-interface
boots. Using Engine H3mdler Sling G4052 and
overhead cranes, the nozzle extension is re-
moved from Nozzle Exh_si(m :_T,_:i_,_,.....

G4080 and }iandling Adai]ter Q4081 and _]i:-ced
on the Nozzle Extension installer. 3?he five

nozzle extensions and Nozzle Extensior, installers

are placedon the Engine Service Piat[c:mn in

their respective engine positions. The Y:njne

Service Platform is then raised f:_on:gzound

level up through the opening inth_9LUT _n_l the

nozzle extension flanges are app_'oxim_i:_.:iy5

inches below the thrust chamber e_< fi::,:_ges.

Final adjusflnents are made and the ma,!]_j of
the extension flanges _o the thrust clmn: _cr exit

flanges is done with the individual Nozzle Exten-
sion _,stallers. After the nozzle extensio_.s are

secured to the engines, the overboard da'ain lines
are attached and secln-ed. Loose equipment is

installed in accordance with requirements speci-
fied in R-3896-11. Detailed nozzle extension

handling requirements are in R-2896-9. ?h_:.
stage fins and engine shrouds -are instailcd in

accordance with stage conl_:actoz' z'equiren, en[so

M.4H'_TE NAR C _,1-230. MODIFICATION AND "' "_ ' _-_m

1-231. The engine modifications and specml

inspections may be made and ma;ntenance ...."-o

may be performed, ifrequired, th_.'oughom:_:he

stage flow at KSC. Modifications _:.nds?c::ial

inspections are made as a result of approved

ECP or EFIR action, and scheduled through

joint agreement between the customer', stage

contractor, and engine contractor. The engine
maintenance is performed, if required, as a

result of discrepant hardwaz'e noted during

receiving inspection or engine leak and

functional testing.

1-232. STAGE FUNCTIONAL TEST,

1-233. The stage functiolm, l testing is staz-ted
after stage installation onto the LUT. The

electrical, hydraulic, and pneumatic leak and
functional tests are made in conjunction with
vehicle assembly. The stage functional test

consists of a flight instrumentation tune:don test,
turbopump torque, test and heater functio_ _est,

engine sequence verification test, leak aria

1-80 Change No. I0 - 16 July 1971
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Para_raphs i-z34 to 1-241

i_function test (ffthe bearing coolant system,

I{Ihypergol manifold, thrust OK pressure switches,

i thrust chamber prefill line, ignition monitor
valve, oxidizer dome and gas generator oxidizer

_iinjector purge system, oxidizer pump seal purge

system, cocoon purge system, and hydraulic

i!system. A leak test of the thrust chamber,

iiheat exchanger helium and oxidizer systems,
propellanc fuel and o:ddJze_" systems, exhaust

I_system, and valve dminz function tests is also

performed, fnstallea engine tests are performed
iin accordance with requirements specified in

I!  -3s96-11.

_ !-234. THERi_L_ L INSC LA TION INSTALLATION.

b

_--35. The th_mral in_ulation (TIS) is installed

a_ engine i.._ _,c functional testing is com-

pi _4. The T_S is installed to completely en-
velop _he engine and provide protection from
extreme temperatures created by plume radia-

tion and baekflow during cluster engine flight.
To allow access for verifying the integrity of
en!dne components and systems and to prevent

possible insulator damage from fluid spillage,
thc_ TIS is not installed until engine testing is

complete. The required sequence and methods
for TiS installation is in R-3896-6. After the

thermal insulation is installed and before moving

!b.eSaturn V veldcle from the VAB, an engine
environmental cover is installed on each S-IC

e_!ine, from the thrust chamber throat area to

th,J/exitend of the nozzle extension, to protect

tin>thermal insulation from inclement weather.

1_ cover is wrapped around the thrust chamber

and nozzle extension and placed so that engine

overboard drain lines are exposed through holes

provided in the cover, and access flaps, four

places, are located to provide access to drain

ports and igniters. Overlapping edges of the

(:over are laced together, excess material is

g_thered around the thrust chamber throat and

folds tied_ and the cover drawn tight under exit

end of nozzle extension. Detailed requirements
for installation of the cover are in R-3896-II.

1-236. SATUI_N V VEHICLE FLOW AT KSC.

(See figure 1-68.)

1-237. While the S-IC Stage is being received
and erected in the VAB, the S-II Stage, S-IVB

Stage, and Instrumentation Unit are received
in the VAB and placed in the checkout bays
where they undergo a complete pre-ereetion
checkout. Upon completion of S-IC Stage erec-

tion, the Saturn V Vehicle assembly is started,

conctn-rently with S-IC Sh_ie testi:_,. "i.Vi_en the
fins, fairings, engine shrouds_ and nozzle exten-[!_

sions are installed, the S-[C Surge ,_sem.bly is !i]
The Instrumenu_don Uui. _s me, red i-Icomplete.

into the high bay; placed on a phv'aform ne,__r the [:!
S-IC Stage, and an S-IC StaF, e-instrtuuentatiou [_

Unit-checkout is performed. Upon completion ,iI

of p,'e-erection checkout, {he S-!I S'.a.ge is movect i_i
..... uLh b_._' and matedfrom the ch,_ckout bay *-,_<'h_ _ "..,_, L i

with the S-!C Smge. _" : .VB S_a:,(e is moved [i

from the checkout bay a.<: _nated uith the S-I! i_
Stage, and the instru_u_e_:_a-.ion U_ii is removed '_$_
from the plaLform and ,_ated with the S-!VB [I

D_

._ a'u. iir_ IiStage, completin:j _he as_e_uby o_ the _" ....

Vehicle (LV).. ,_._e_."...... i_:_:...'i _:.! mo(iu!es a_.'e

checked out at the M_v,'_._.ca Jpacecraft Operations

Buildin$ (IvISOB), the Apoh_', spacecraft, con-
sisting of the mated lunar excursion, and service
and command modules_ is moved int_, ti_e VAB

and mated mechanically (hmar excursion
module-adapter to forward mating flange of
instrumentation unit).

1-238. VEHICLE TESTING.

1-239. After the Apollo spacecraft and launch
vehicle are mechanically mated, spacecraft
modules are connected to their umbilicals from

the umbilical tower of the mobile launcher and

p.re-power-on tests are made. When it has been
determined that all flight and ground systems
are satisfactory, full power is applied to the

spacecraft. The spacecraft is then mated elec-
trically to the launch vehicle and combined sys-

tem tests, consisting of simulated countdowns
and flights tlmt exercise both flight and ground

systems, are made. During the final combined
system testing phase, the spacecraft and launch

vehicle ordnance, minus pyrotechnics, are in-
stalled including the launch escape system.

When the combined system testing is complete,
the test data is reviewed, and if acceptable, the
Saturn V vehicle is ready to be moved to the

launch pad.

1-240. TRANSFERRING VEHICLE TO LAUNCH
PAD.

1-241. The Apollo/Saturn V is transported

from the VAB to the launch pad by the crawler
transporter. The extendible platforms that en-
closed the vehicle in the VAB are retracted,
connections between the mobile launcher ter-

minals and the terminals in the high bay are
disconnected, the doors of the high bay are

opened, and the transporter brought in and
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positioned beneath the platform section of the
launcher. Hydraulic jacks are extended from

the transporter to lift the launcher clear of its

pedestals. Then, at a speed of approximately
1 mph, the transporter carries the launcher
and the fully assembled Apollo/Saturn V to the

launch pad for positioning.

1-242. LAUNCH PREPARATIONS AND
TESTING.

1 243. After all electrical and pneumatic lines
iit_ the Apollo/Saturr. V are reconnected through
!:

i'i terminals at d_e base of the mobile launcher,
I;_a,.d propellant lines, also connected through the

_:]launcher, arc verified as correct, and it has
'_ Leen asceri_.ined that no changes have occurred

li -_ the vehicle _ince it left the VAB, tests are
[' n._de on the con_munication links to the vehicle.
b

::_:<_,-asuremerc _i:are also taken on systems such

a_ _he cutoff ..sort _mit, radio-frequency, _k
_._ _ssurization, and launch vehicle stage propel-

'_i!i] ,,..... utilization, system. A Flight Readiness

i_ % ':_ (FRT), backup _midance system test, and
i' _,-_C fuel jacket/oxidizer dome flush and purge

_iI are performed. Hypergolic propellants are
i_ Lmded in the spacecraft tanks, RP-I fuel is

i, L_ded in the launch vehicle tanks, and Count-
down DemonsL'ation Tests (CDDT) are per-

formed. Liquid oxygen and liquid hydrogen are
:o:_ded into the launch vehicle during the last

i_ .. hours of rile countdown.

i--244. SATURN V VEHICLE LAUNCH.

L-.245. ]?he data in this paragraph is only used
_. describe a typical vehicle launch and is not

_ntended to represer.t actual launch data. With
_.-i_ stage engines and launch vehicle prepara-

.tons complete; the S-IC engines are fired, all

._oiddown ar_ns are released, and the vehicle
_mmitted for !iftoff. The vehicle rises nearly

vertically from the launch pad, for approxi-
o,_ar the launch umbilical_._a_ely 450 feet, to _'_=

_i tower. During iiftoff_ a yaw maneuver is
i_ executed to provide tower clearance in the eventU

of adverse wind conditions or deviations from
1%nominal flight. After clearing the tower, a tilt

" and roll maneuver is initiated to achieve the

'!i flight attitude and proper orientation from the
selected flight azimuth. The S-IC center engine

[:. cutoff occurs at 2 minutes 5.6 seconds after
first vehicle motion to limit the vehicle acceler-

ation to a nominal 3.98 G-load. The S-IC out-
!_,board engines are cutoff at 2 minutes 31 seconds

after first vehicle motion. Following S-IC

en_nes cutoff, ullage rockets are fired to seat
S-II stage propellants, the S-IC/S-il stages

separate, and retrorockets back the S-IC slage

away from the flight vehicle. A time interval of .
4.4 seconds elapses between S-IC cn_Snes cutoff
and the time the S-II en_nes reach 90 percent

operating thrust level. Following the pro-
grammed burn of S-If engines, the S-II/S-IVB
stages separate and the S-IVB engine places the

flight vehicle in an earth parking orbit.

1-246. POST-FLIGHT DATA EVALUATION.

1-247. The post-fiighL <lainis evaluated to
determine that the S-IC _e engines operated

within the specified values durin$1 -,_eMcle launch.

The engine parameters are reviev,ed for ab:.:or-

realities, sudden shifts_ _<_c'llat_ons,or perform-

ance near the minimuh_ or m_xi;num limits. The

engine performance values are then reviewed

_md compared to the predicted er,g-'mevalues to

determine that all engine objectives were satis-

fac{orily met.

1-248. UNSCHEDULED MAINTENANCE FLOW.

1-249. Unscheduled maintenance consists of

those operations required in addition to normal
engine and hardware processing:, to repair dam-

age, replace discrepant components or hardware,

perform modifications and E FIRs, (_econtaminaie,
re-preserve, repair thermal insuiadon_ or

rectify any unsatisfactory condition. The un-
scheduled mainte_._nce rusks are done at a speci-

fied time and at the iocaSon desi_;na_ed, during

the normal engine flow process. The locations
where unscheduled maintenance can oe done a{'e

Roeketdyne, MAF, MTF. or KSC; depending on
the extent of the task, urgency, capabilities of
the location, and how schedules are affected.
The location established for complete co:,%)onent

maintenance, repair, and testing is _b_ Ch4&F_
room at MAF° This facility provides co_9onent

maintenance support for _iAF, MTF_ _d KSC.
Limited repairs on components can be made in-

place on the engine at MAF, iVITF_ oz"IKSC as

directed by the custome:_ The <_ecessary hard-

ware required for supporting engi_,e and compo-

nent repairs at field locations is stored and

maintained at MAF.

1-250. UNSCHEDULED ENGINE REPAIR AND

SERVICING.

1-251. Unscheduled engine repair a_a servicing

consists of various types of repairs and servicing
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tasks that are done whenever practical to cor-

rect any discrepancies that may exist, perform
special inspections, and to update the engine

configuration. The various repairs and servic-
ing tasks may include such items as: braze and

weld repair thrust chamber tubes, remove and

replace components, clean contaminated areas,
remove corrosion, touch-up of damaged surface
finishes, modifications, EFIRs, post-

maintenance tests, lubricate, preserve, and
replace desiccants.

1-252. COMPONENT REPAIR.

1-253. Uninstalled engine components from

MAF, [vI?I'F, or KSC that require repair, modi-
iication, analysis or testing are processed in
the envi:_:-onmentally controlled CM&R room at

IVLAI,". _?rocessing en',line components in the
CM&I.: room is required _o repair a discrepant
coml_o_ent from an en_ine_ periorm modifica-

tions, failure analysis, inspections, recycle
testing:_ or pro-installation testing. After

proce ..... g in the CM&R room, the components

are desi{9_ated to be installed on an engine,
returned _o the engine support hardware center

as a s_:._:.re, returned to the manufacturer, or
conside_"ed as surplus or scrap. Detailed pro-

cedures [or component maintenance and repair
are in R- 3896-3.

1-254. _IVPPORT HARDWARE.

1-255. ig._}_ne hardw}u'e required for supporting

the activities at MAF_ _TF, and KSC is main-
rained i_'. ':h_ Engine Support Hardware Center
at IVLAA?. The Michoud facility is the primary

hardv,._._e supply ce_ter, since the majority of

engine a_}.d component activity takes place at
this location. At MTF and KSC a limited inven-

tory of hardware is maintained to make sure of

immedAate availability of those items frequently
used az _nese locations. Whenever an urgent

need ar_:_;es at either MTF or KSC, and the
hardwaze required is not locally available, the

item is e>_edited to that location directly from
MAF cr Rocketdyne.
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SECTION II

INTERFACE DESIGN CRITERIA

:.....J

z-1. SCOPE. This section contains data per-

t:zining to engine design performance character-
istics, environmental conditions, attitude, mass

properties data_ turbol)ump inlet propellant
conaitions, and iuterface connections for mating

tile engLue with the S-IC of the Saturn V vehicle.

3-2. DESIGb i_£RFORMANCE CHARACTER-

7STICS.

' .[.. Des;_:_ pu_formnnce characteristics c _-
rfi)e recta ements necessary to achieve spe-

:fic" en_ln_ , cr_ormance. The following ra_ings,

...... a_ and cu. ve_ aze based on standard sea-
:evel stazic (tonditions, unless otherwise noted.

!-I. ROCKET ENGINE RATINGS.

'-5. The performance ratings specified in

,_::fure 2-i are values based on the use of fuel
_ _ s_ands_rd density of 50.45 lb/ft3 and
: u:.dizer at the standard density of 71.38 lb/ft 3.

:- .._er to section IIi for fuel and oxidizer

: e_,]sity versus temperature curves.

-6. NOMIN/_L ALTITUDE PERFORMANCE.

;:-?. The no:ninal altitude performance curves

(figure 2-3) depict specific impulse and thrust

:f the engt,,eas affected by variations in alti-

:ude.

2-8. OXIDIZER PUMP CAVITATION.

2-9. The oxidizer pump cavitation curve (fig-
_ire 2-4) specifies the oxidizer net-positive
suction head requirements that must be supplied

by the vehicle.

2-i0. FUEL PUMP CAVITATION.

2-II. The fuel pump cavitation curve (figure

2-5) specifies fuel net-positive suction head re-

quirements that must be supplied by the vehicle.

2-12. TURBOPUMP INLET PRESSURE RE-

QUIREMENTS.

9-13. Tt_e accept;_ble pre-start turbopump

inlet propellant pressures are presented in

fig_re 2-6.

Pai'ameter Vaiue

Thrust( a)

Instantaneous Speciii,_

impulse( b)

OxidizQr/Fuel Mixture
Ratio(b )

i, 522,000 !b ±I-I/2%

263.7 sec rain

2.27 ±2%

Standard Propellant
Pump Inlet Pres-

sures, total

Effective Duration

45 psi;_. (fuel)
65 psia (oxidizer)

165 see

(a) The engine thrust is dmt force ac_ing par-
allel to the engine centerline, mcludin_ Gas

generator exhaust thrust_ and t_: {::orrected
to standard propellai :lenslties_ pump inlet

pressures, and sea-!evel atmospheric pres-
sure.

(b) The value is based on me total gas genera-
for and thrust chamber flowrates at rated

engine thrust and mixture ratio, and _,s
corrected to standard propellant densities,

inlet pressures, and sea-levei atmospheric

pressure.

Figure 2-1. Rocket Engine Ratings at
Standard Sea-Level Conditions

Figure 2-2 deleted.
Change No. 10 - 16 July 1971 2-1/2-2
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2-14. 2EAT EXCHANGER PERFORMANCE.

2-15. Se_ figure 2-7 for heat exchanger flow-

rate valccs, See figures 2-8 and 2-9 for helium

and oxidiser temperatures versus flow and ae-

cumulaL_-.d engine test duration curves. See

figure:: )_-SA through 2-9M for heat exchanger

tra_sie:_ :_a%dsteady-s_te performance charac-

teristics at constant i_urbopump inlet conditions.

2-18. >ITDRAULIC CONTROL SYSTEM
NOi_,_INAL FLOW ,_,_D PRESSURE VALUES.

2-17. ::::e figure 2-L0 for hydraulic flowrate

at nomn.,;,lcontrol syszem values.

2-i8. EZ<[VIRONqVIENS:'AL CONDITIONS.

2-19o STORAGE AND HANDLING TEMPERA-

TURE.

2-2 ). fihe engh_.e w_i not suffer detrimental

effects v;hen exposed to an ambient temperature

range of -20 ° to +130 ° F ata relative humidity
of 95 percent during handling and transportation
operations and extended storage periods.

Parameter Value

Oxygen Flowrate
Helium Flowrate

3.0 to 15.0 lb/sec
0.4 to 1.0 lb/sec

Fig_are 2_7. Heat Exchanger Flowrates

2-21. STORAGE AND HANDLING ATTITUDE.

2-22. The engine will not suffer detrimental
effects when the engine attitude is maintained at

less _han 90 degrees from the normal vertical
attitude (thrust chamber down) during handling

and transportation operations, extended storage
periods, and those maintenance tasks outlined
in R-3896-3.

2-23. STANDBY EXPOSURE.

2-24. The engine with or without thermal in-
sulation installed, when supplied with required

operating fluids, electrical power, and fuel
propellant 0nly, will not suffer detrimental ef-
fects when exposed to an ambient temperature
range of 0 ° to 130 ° F for 48 hours, except as

limited by the freezing point of the thrust cham-
ber prefill fluid.

Pa_es 2-5A and 2-6B deleted.
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R-3896-I Introduction

INTRODUCTION

This manual is one of seven R-3896-series

teclmical manuals prepared to provide official

Rocketdyne field support documentation for the

operation and maintenance of the F-I Rocket
Engine, Part Number 104001, Serial Numbers
F-2029 through F-2098, and its related ground

support equipment, desig_ned and manufactured
by Rocketdyne, a division of North American
Rockwell Corporation, 6633 Canoga Avenue,

Canoga Park, California 91304. The informa-
tion in these manuals was prepared by Logistics
Publications & Training Department of

Roeketdyne.

This manual contains engineering data detailing

engine operation and engine system functions.
For stage design criteria, refer to F-I Engine
Interface Document R-6749.

Five F-I rocket engines are installed on the
S-IC stage. Fig-,_re 1 shows engine positions

relative to stage positions and fin locations.

The instructions in the manuals are used more

effectively when each manual is current and

complete (see figure 2) and the purpose and

scope of each manual is known. The manuals
that complete this series, and the nature of the
data each provides, are found in the manuals

contents and support functions chart.

__ POSITION

MJ_RKFIN A FIN D

FIN A FIN D

VIEW LO(SY,.ING FORWARD

Fl-l-5

Figure I. F-I Rocket Engine and
S-IC Stage Positions

Change No. 9 - 4 November 1970 ix
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i. F-I MANUALS--THEIR SUPPORT

FUNCTIONS.

The contents and support function chart lists

all F-l-series technical manuals, describes
the support function each manual serves, and
lists the section titles of each manual. The

chart also explains how the technical data in

each manual relates to the support of the engine

and its ground support equipment throughout a

normal engine flow, as well as during unsched-
uled maintenance tasks. Information appearing

in one manual is not duplicated in another.

Thus, information on the description, opera-
tion, and maintenm]ce of ground suppor_ equip-

ment is in R-3896-5. However, the instructions

for servicing the engine using ground support
equipment are in R-3896-3 and R-3896-II.

©

Manual Contents and Support Function Section and Title

| R-3896-I

F-I Rocket Engine
Data

[
\

This manual contains a physical
description of the various F-1

engine systems and the individual

engine system components, a de-
scription of the flow the engine
follows from the time it is accepted

by the Customer through Apollo/
Saturn V launch; data pertaining to

engine design characteristics in-
cluding environmental conditions,
attitude, mass properties data,

turbopump inlet propellant con-
ditions, and interface connections
for mating the engine with the S-IC
of the Saturn V vehicle; and no_r:-

inal engine performance charac-
teristics, methods for predicting
engine variable characteristics,
and other pertinent infoi-mation
that can be used as an aid for ana-

lyzing and/or determining specific
engine performance. The manual
serves to familiarize the reader

with the design and operation of the
F-I engine and serves as a training
aid document.

/ "

R-3896-3, Volume l
F-1 Rocket Engine
Maintenance and

Repair

This manual contains general main-
tenance practices that are peculiar
to the engine covered in this volume
and to the component repair proce-
dures contained in Volume II of this

manual; the use of engine, thrust
chamber, and nozzle extension

ground support equipment and the
tasks necessary to prepare the
equipment for maintenance using

the applicable pieces of ground sup-

port equipment; detailed procedures
for component removal, reinstalla-
tion, or replacement; and the post-
installation test requirements that

will verify the integrity of engine
systems affected by the removal of
individual engine components and

x Change No. i0 - 16 July 1971

See detailed table of contents for
this manual.

I General Maintenance and
Repair

II Handling
Ill Componen_ Removal and

Installation

IV Post-Maintenance Test

R equir ements

©
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j-

Manual Contents and Support Function Section and Title

R-3896-3, Volume I
(cont)

R-3896-3, Volume II

F-1 Rocket Engine
Maintenance and

Repair

#

lines. This volume and Volume II

proxdde the necessary maintenance

and repair data to perform unsched-
uled maintenance tasks on ml unin-

stalled en_ne and the required
post-maintenance tests to deterlnine

that the en_ne is in an operable
condition.

This manual contains clem_ing, in-

specting, repairing, and testing
procedures for the individual engine
components. This manual prox@.des
the data to restore and/or maintain

compo ....... of ,4_ engine in an oper-
able condition for reinstallation on

the engine or assig-nment as a spare.

1
iI

iII
IV

V
V;

V::IL
IX
X

XI

XII

XIII

XIV

XV
XVA

XVI
XViI

X_IH
XfX

XX
X.;_C:

XXi7
XXIII

XXIV

XXV

XXXPL
XX%'II

XXVIII

XXIX
XXX

XXXI

Qkdck-Disc_mnect
Gas Generator

Cas C.enerator Ball Valve

Ca:.s Generator Injector Purge
and Pump Seal Purge Check
Valve
Deleted

Heat Exchanger
Heat Exchanger Check Valve
'Thrust Chamber (Installed)
:'hrust Chamber (Uninstalled)
Th::ust OK Pressure Switch
Inert Prefill Check Valve

Oxidizer Dome Purge Check
Valve

Oxidizer Valve

Fuel Valve

Turbopump
Turbine

Bearing Coolan_ Control Valve
Deleted

Electrical Harness

Hypergol Manifold
Ig_lition Monitor Valve
Checkout Valve

Engine Control Valve
Four-Way Solenoid Valve
Thrust Chamber Nozzle
Extension
_Pre _are Transducer

Temperature Transducer
iVlignt Instrumentation
Junct, on Boxes

Rigid Ducts, Flexible Lines,
and Braided Flex Hoses
Redundant Shutdown Valve

Volumetric Liquid Oxygen
Transducer (Oxidizer
Flowmeter)

Gimbal Boot, Insulation
Boot, and Insulation Seal

Change No. Ii - I0 November 1971 xi
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Manual ContentsandSupportFunction SectionandTitle

,J

i! -

iiii

R-3896-4 This manual contains illustrative I

F-1 Rocket Engine and columnar listings of all parts II

Illustrated Parts of the engine that can be disassem- Ill
Breakdown bled, reassembled, repaired, re-

placed, or overhauled. This
manual locates and identifies the

interrelationship of parts, aids
in the requisition of replacement

parts; and indicates pa1'tusage arld

interchangeability and recommended

repair or replacement for the F-I

engine and its individual components

and parts.

R-_896-5, Volume I
F-I Rocket Engine

Ground Support
Equipment Mainte-

nance and Operation

This manual contains safety re- I

quirements and general maintenance
practices peculiar to the equipment

covered in this volume and to equip-
ment and T-tools covered in Vol- II
ume II of this manual and includes Ill

inspection requirements, physical IV

description, operation, intended V

usage, operating limitations,
periodic maintenance, and parts VI
listings with maintenance- level
codes for the F-I engine ground Vll

support equipment covered in this
volume. This volume provides Viii

data to restore and/or maintain IX
the F-I rocket engine ground support

equipment in an operable condition. X

Introduction

Group Assembly Parts List
Numerical Index

XI
XIi

XIII

XIV

XV

Safety Requirements,
General Maintenance, and

Hm_dling and Shipping Equip-
ment

Hydraulic Pumping Unit G2025

Hydraulic Pumping Unit G2026
Accumulator Unit G2027

En_cdne Checkout Console
G3142
Pneumatic Flow Monitors

G3130 and G3131

Engine Vertical Installer
G4049

Engine Rotating Sling G4050
Flight Combustion Monitor
703227

Components Test Console
G3141 and Components
Adapter Set G3143

Cryogenic Supply Unit G3146
Pneumatic Fio_, Testers
G3104 and G3_04MDI

High-Voltage Igniter
Tester G3!53 and Inert

Ig_niter 9026_.22
Impact Recorder Unit G4090
and 99-9014031

Components Welding Sets
9026560, 9026561, and
9026570

xi! Change No. ? - 18 August 1969
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Manual Contents and Support taarction Section and Title

R-3896-5, Volume II
F- 1 Rocket Engine
Ground Support

Equipment Mainte-
nance and Operation

R-3896-6

F-1 Rocket Engine
Thermal Insulation
Installation and

Repair

R-3896-9

F-1 Rocket Engine

......... Transportation

R-3896-11

F-1 Rocket Engine
Gperating
Instructions

'" j

This manual con_ins inspection

requirements, physical descrip-
tion, operation, intended usage,
operating ]_imitations, periodic

maintenance, and pa_'ts listing
with maintenance-level codes for

the F-1 engine ground support

equipment end items th:A a:'_ con-

sidered tools (ie, _esc.kits, sets,
and tools) and T-tools. This

volume provides data necessary
to determine that those items of

ground support equipment covered

by this volume and the F-1 field
T-tools are in an operable condi-
tion.

This manual contains a description

of the thermal insulation panels,

special tools and equipment, in-
stallation and removal procedures,

access provisions, repair data,
and applicable packaging, storage,

and handling information. This
manual provides information per-
tinent to the maintenance and

repair of F-I engine thermal
insulation.

This manual contains procedures

for preparing the F-I rocket engine,
nozzle extension, thermal insulation,
and miscellaneous engine loose equip-

ment for shipment, and procedures

for shipping by truck, air, or water.
Included are recommended truck-,

air-, and water-transport checklists,

which may be used to make sure that
procedures and in-transit inspection

have been performed.

This manual contains complete,

authorized field operating require-
ments that affect F-1 flight engines '.
F-2029 through F-2098 during nor-

mal operational flow from engXne
receipt at MAF through vehicle
launch. Specific and general require-

ments and procedures for normal F-1
engine activities are provided and
include acceptability criteria and

limits, special constraints, _afety

precautions, and correct seqaences
required to satisfactorily accomplish
the activities

!

II
IH

Test Kits, Sets, and Tools

T-Tools

Dummy Weight T-Tools

I
II

IH

IV

V

Vi
VII

I

II
III

IV

Description
Special Tooi_ m_d Equipment
Installation and Removal

(Eng/nes F-2003 Through
F-2016j
Installation and Removal

(Engines F-2017 and

Subsequent)
Access Provisions

Repair
Storage and Hmmimg

I_repara_ion for Snipping

Stuppi_s ;_ Truck Transport
Shipping by Air Transport

Shipping by Water Transport

i Operating 5:eqmze;nents

_Y_ General Requirements

Ill Operating Procedures

Change No. 12 - 12 May 1972 xiii
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USE YOUR MANUAL ONLY IF CURRENT
AND COMPLETE

Manuals that are not current and complete
are not authoritative documents and are not

to beused. The following outlines the method
for determining whether your manual is cur-

rent and complete.

A. DETERMLNING CURRENCY. To be sure

that yours is the latest issue of the manual,

refer to Confib_uration Iaentifica_ion & Status

Report ,which is revised monthly and lists

the technical manu_i n.moers, titi_zs,uniL-

corporated sup_Auments: arid .frost ch_lBu
or revision dab.e:). Your manual must hay,;

a titlepa(<e with :he same or later date than

the da_e shown iu ti_eCorffi_uration Identffi-

ca,,ion& S_atu_ 4:port. Your manual must

also includ{, th_ nmcorporn_M supph:ments

iistea L. ti_; C_i.m_g-aration identification A
Statu_ Rupert, c_ if your manual is later thaa

shown in the report, rile unincorporated sup-

plements listed in the fvianual Data Supple-

ment R(c<)rd it; y::,u_ m,_mual. If your title
pag- incorporat(:,_ t_vo dates as illustrated be-

low, compare the c.:,aage {lower) aate. Kyour
manual is not current, obtain a current copy

through your technie_ manual supply system.

listed with their issue dates. ManuM pages

that are dated must have the same date as that

appearing in the List of Effective Pages for

that page. Unchanged pages are listed as

"original" and are not dated.

HOW TO KEEP YOUR MANUAL

UP-TO-DATE

gine and ground support cquign:., .... a.d better
methods of maintenm_ce are (is,overed_ your

maltaa! is periodically ch[tnt(<i revL.ea, or

suppiementea. The f<:io,.vins;stcps will help

you _<eep your nlallu_ .1o- _.]- J A L_

A. C!{ANGES. Upda_ _ _:!.fi_n;7 _o _. i)ar-

ti_ly replacing exfsti_:,: ,r _<cs _ defined as
a :,:*rage. Ctmnges c__ _, : : identified by d_e

C,_-._a,gC notice on tile nev _i_. e

...............:........."!i

e _}%_ _ .......:"'-t"::.......

!

B. i.'..:;TERMIN!NG COMPLETENESS. To

be sa:e ::hat yo_.r manual is complete, make
a pa:;e-0y-pag6 comparison of its pages to
tno:_,' listed in ,:he List of Effective Pages.

The List of Effective Pages, which shows the

change status since the basic issue or last
, i:ion, is found on the alphabetically let-

tered page(s) immediately following the title

pa,, ..411 pages, except supplements, are

To collate a change, refer to _i-c J !i:.;_ .os_ :'ac-
tions sl]eet issued with _:he ........

as follows:

Remove the pa{e=: ,,._L_:<: _ ae _.<mow

column of the Filin;_ !:.:':./,a:'ttons :_heet
fro_: the manual ao.d dc.strcy thc._. Do

no[ concern yourseK ,;v_ t::.e data an tile

opposite side of the deleted pag_ ::Lnce,

'.f this date is not deleted, i_ is re:laced
in the change package.

2_ insert all pages Astea :.... me '":n._ert"
column of the _ _:uo. instructlom sheet

_n sequence, Pa:#_s "_d.t- a suffix letter
_,re inserted in ' " " • ' ' _-__-'._lpn_.,.e_, _ order foiiow-

:.._',_!the page withthe san_:_ basic number;
for example, pages 3-14A_ 3-14B, etc,
follow page 3-14.

GEN-NA_- iA

xiv

Figure 2. How to Maintain Your Manual (Sheet I of 2)

Change No. Ii - I0 November 1971
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3. If you are unsure of the status of any
page or pages, refer to the List of Effec-
tive Pages and make sure your manual
contains pages (with the corresponding

change dates)listed in the List of Effec-

tive Pages.

4. Remove manual supplements that have
been incorporated.

NOTE

Incozporated supplements can be

detern]ined by reviewing the newly
issued Manual Data Supplement
Record.

B. REVISIONS. Updating by replacing all
the existing pages of a manual is defined as

a revision. Revisions car, be identified by _he
replacement no_ice on the new title page.

'"i

L

To collate a revision, proceed as follows:

Remove m',d destroy _I existing pages of
your manual except Manual Data Supple-
ments that have not been incorporated.

NOTE

Unip.¢:orporated supplements can be
identified by reviewing the Manual
Data Supplement Record supplied
in the revision.

£. Insert _he new pages in your cover.

C. SUPPLEMENTS, Updatip.g dmt um,,or-

lzes the addition to, or _dte?:ation of, th_ ex-

isting data in your re,muM is defined ::.-_ a

Manual Data Supplement. hfformatk _,._;,; _:,:)_v
to insert supplements is found in d', supple-
ments.

HOW TO KEEP ABREAST OF THE i,ATEST
CHANGES TO TECHNICAL L._TA

kiLatetChanges ar, d/o_ a_:,:itio:,,,. £,_technical '_ ....
are identified by a ¢u-.L_-al bar (chan[_(c bar)
in the margin of th_ ::,a_j <, adjacent to the

changed data. A direct comparison between
the new (identKled by the change bar)and the

old data will help you m identifying specific

changes made.

GEN-NASA-2

Figure 2. How to Maintain Your Manual (Sheet 2 of 2)

Change No. 7 - 18 August 1969 xv
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2. CONFIGURATION IDENTIFIqATIONo

EQUIPMgNT CONFIGURATION. The MD
identification symbol and the equipment model
desig_at ion indicate the configuration of the
equipnte:2 _,_ddistinguish itfrom models in-
corporating different changes and from basic
models. A basic, Unchanged configuration of
the equipment has no MD identification symbol.
MD identification sumbols are added as changes
affecting configuration are incorporated into
the equipment. The MD identification symbol
is star_ped on i:e MD plate, which is mounted
near tne engine nameplate.

MD IDENTIFICATION SYMBOLS. On MD iden-
tification plate RD!71-I022-0001, the identifica-
tion symbol is a composite number representing
all the changes affec.d,mg configuration (MD
changa:: ' incor: orated or not incorporated into

the cq.,ipment. Tl.e symbol represents a con-
secut i_,ely num:_ered series of IvID changes.
Any A.IO change, or series of MD changes, not
incor, ,or:_ted % represented by an "X." Multi-
digii u.::._. "_rs _re 'aud'_'rlined. Two figures to-
gether represent the dmks of a series of incor-
porated MD changes. Figure 3 illustrates how
MD changes incorporated in the engine are
represented by the MD identification symbol.

MD ici_<tification plates RDIT1-1052-0001 through
0 "-& 0e. }:,_'e preprinted numbers from 1 through

10C ::(_ -0001 plate, 101 through 200 on the
-C( ,:%.,ce, etc. Modifications that are ineorpo-
rau_ i:. the equipment are represented by the
let".:,. ' :::rodvction) or K (kit) stamped in the
squ_ _,: ....:.rectly to the right of the applicable
numb,:r, ()mission of a P or K, indicates that
the :CL .-nange is not incorporated. A P or K
with Oar ,-)marked through the letter (-ia-,_N_)
ind:c_L::£ a MD change deleted in its entirety by
the, i::::,:',:_:.,_oration of a later MD change. Figure
3 iU:,-:,x:ces how MD changes incorporated into
the. ment are :,-',presented bY the MD
ide.: ..... :i".,.i:ion .symbol.

ML: _...A.L _x,-,.e=RE_,t;E. A reference that ap-

pe".:_. ::: ::he manua_ may refer to a series of
'.__/ID,T'._ ;_ ,_ or to an incilvidual MD change; for
e'_::_rr__.- 'MD9" refers to MDI through MDg,

......... cnan_ refers to the individual MD
chan!.(e :. This latter type of reference, which
is i!i_st'ated in figure 3, identifies separate
sets o/ :n%rmation -.required by differences in
co:ff:gt::,:_ticn, Vvhen an MD reference appears

in this man-_l, examine the MD identification
:_,mLo, on the equipmant to determine which

set ol :_ 'i:r,.nation is appdcable,

3 COb FIGURATION CHANCES--MANUAL

E FFECTIVITY.

All a_4)roved ECPs ,_ngmeermg Change Pro-

posals) and associated MD numbers applicable

xvi Change No. 12 - 12 May 1972

to the equipment covered in this manual are

listed in figure 4. The date in the la:_t column
is the publication date of the manual am-ing

which the change made by tl:e ECP was ",ncorpo-
rated. When N/A is er_tered, the ECP does not

change the data in the manual. Engine configu-
ration information is in R-5857, Sakurn F- !

Config-uration Identification & Status _._e; _'t,
Engine serial numbers witlfin this mz:uaa2 :;re

in accordance with Rocketdyne F-l e: _;me desig-

•-at;.c _. For F-i engir:e serial nu::: =" allocation,
refer _o the cross-reference irde:, .,,. R-5857.

MDI THROUGH MD9 INCORPORATi<D

v MD__0 NOT INCX)RPORATED

w'-- MDI.ll AND MD12 INCORiRO.::C_ED

" _ / _ MD17 NOT _NCORPORATED\ < LhLoL,.Jo

!:;C, '11

RD171-1022-:;0,?! PL._,TE

y MD1 INCORI-NJRATED

IN PRODUCTION

MD9 !N CO _{F4JiZa_TE _5

,., , C 3RtK_I_,:JI'Ei: -,-

I-]--,-_1 2"IPI 3 IPi '_ ]P; 5 !P ; IP] : r:' ::_:" _ !_. ic ,

_ ---3 ...... _'_" -: :-t" ":T" "=:E"--YY':_--3 )

RD171-1052-0001 PLtTE

Figure 3. MD System,
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Approved Incorporatedin Approved Incorporatedin
ECP No. MDNo. ManualDated ECPNo. hid No. ManualDated

FI-38

FI-38RI

i: i.-39

FI-40

FI-42
FI-45

V'_- 56
i; ._- 57

FI-59

t, _-60
:-c1-62

:{1-64
F1-65
F1-67

FI-69
Fi-71

FI-?4

21-76

2'I-76Ri

FI-78

F!-80

FI-82

Fi-85

FI-.86

/'I-50
i'1-91
Fi.-95

FI-97

FI.-98

Fi-99

FI-!00

FI-!01

F!-I06

7i-108

?i- :24

2'2_ :t29R1
FI-!31

FI-132

F._-i35

F!-_43

1..,143RI

i_'i-147

FI-149

FI-153

FI-154

FI-166

FI-168

FI-169

FI-i72

37 17 May 1965
N/A

II 8 June 1964

_-i- N/A (superseded

by FI-254)
7 8 June 1964

7 8 June 1964

Fi-174 21 N/A

FI- 174R1 _--2 N/A
FI-176 22 N/A

FI-180 3--4 27 October 1964

FI-182 -7- N,"A

FI-185 32 ii May Ioo4
FI-185RI _ N/A

7 8 June 1964

7 ' 8 June 1964

7 8 June 1964

16
-7- 8 June 1964

7 N/A
7 8 June 1964

i0 8 June 1964
T 8 June 1964

9 8 June 1964

7 8 June 1964
24 27 October 1964

--
7 8 June 1964
7 8 June 1964
18 8 June 1964

_7- 8. Jm_e 1964
7 8 June 1964

7 8 Jm_e 1964

7 N/A
7 8 June 1964

? 8 June 1964

20 N/A (superseded

F1-188 7 27 October 1964

.,,±-188RI -- _/"A
Fi-189 7 __, October 1964

FI-igl 7 2 _, October 1984

FI-192 46 28 September 1965
FI-192R! _-U_ N/A

-,.... c o .- N/A_._ _J_R2 --

F!-_93 ? ._, October 1964

FI-i93RI -- N/A

F!-194 7 2_ October 1964
FI-195 7 27 October 1964
F1-196 29 N/A

FI-197 20 27 October 1964

FI-198 2--6 N/A
Fl-198R1 U-2 N/A

FI-202 7 27 October 1964

F1-206 22,66 27 Octooer 1964
FI-206RI -- N/A

F1-206R2 -- N/A

Fi-208 33 27 October 1964

Fi-214 _1 28 September 1965
F 1- 214R1 ,,,-l N/A

FI-2i5 _ !,6 8 August 1966
m

by F1-197)
14 8 June 1964

"7- 8 June 1964
8 8 June 1964

7 8 June 1964

7 8 June 1964
7 8 June 1964

8 N/A

-- N/A

7 N/A
7 8 June 1964

7 8 June 1964
II 8 June 1964

-- N/A
1 8 June 1964

7 8 June 1964

11 27 October 1964

-T N/A
7 8 June 1964
13 8 June 1964
-8- 8 June 1964

7 8 June 1964

7 8 June 1964

F I- 215 R1 -U'C N/A
• _-215R2 _i/A

FI-216 31 N/A

FI-216RI UU_ N/A

Fi-217 7 N/A

FI-226 35 iN/A
FI-228 3--6 2t Octobcz 1964

FI-229 -8- 27 Octobcz 1964
F!-229RI -- N/A

F1-233 38 28 September 1964
FI-235 3--f N/A

FI-236 -7- :_7Cctober 1964

F1-241 7 27 ...... 1984L_CCODe_'

Fi-242 39 27 Cctober 1964
F1-244 T _7 O(';_::,:)er 1964

F1-251 '7 27 October 1964
F!-253 _2 N/A
F1-254 W" 27 October 1964

F1- 255 42., 4_ N/A
FI-258 22 27 October 1964
FI-258RI _ N/A

F1-258R2 -- N/A

F1-260 5_ N/A

Figure 4. Configuration Changes--Manual Effectivity (Sheet I of 4)

Change No. 7 - 18 Aui_st 1969 xvii



Introduction,__" R-3896-I

, >,

<

/"

Approved Incorporated in Approved Incorporated in
ECP No. MD No. Manual Dated ECP No. MD No. Manual Dated

FI-260RI

FI-260R2
FI-261

FI-262
FI-263

FI-267
:FI-268

FI-268RI

FI-269
FI-270

FI-270RI
FI-270R2
FI-274

FI-276

FI-277
Fi-278
FI-279

FI-27SA, i
FI-2_

FI-2< J

FI-281_ _L2

FI-25S
FI-286AI

FI-287

FI-2_

FI-_.<

F!-_ :

F!-2_-/3,2

Fl-zg..

Fi-2._. <,_

FI-2 _ A2

i_!-b6 :,

FI-30_;{I

F i'-304

F1-304:t'i
Fi-39g
FI-33;IEi

Fi-:' "

FI-i_ SPi

FI-,_.

FI-Ud,

Fi_32 _
F1- 3 iR1

FI-3_?

Fi-_ _I
FI-_ _

FI-3iL_3

F1-3i2R4

-- N/A

155 N/A
22 17 May 1965
5_ _/A
5-$ N/A
49 17 May 1965 •

59 17 May 1965
-- N/A
55 • 17 May 1985

47 28 September 1965
-- _/A
-- N .IA
53 N/A
2-2 N/A

6-$ N/A
_ N/A
%q- N/A
-- X/A
_: 12 January 1966
65 14 October 1966

---: N/A
- N/A
65 28 September 1965
-- N/A
3i 14 October 1966
3! 14 October 1966

--: N/A
N/A

:%.

_.' 17 May 1965
:-: N/A
-- N/A

54 8 August 1966
: N/A
6? N/A
: N/A

73 28 September 1965

:: N/A
66 N/A

:: N/A
-- N/A
74 N/A
-: N/A
"_ N/A

77,80,95 8 August 1966

78,80,95 8 August 1966

3__II,108 28 September 1965
-- N/A

96,97 12 January 1966
-- N/A
-- N/A
-- N/A
179 NIA

Fi-313 69 28 September 1965
F1-313R1 -- "N A

F1-314 31 28 ": ..... _ _" .... 1<65

FI-315 70,---83 28 September 1965
FI-315RI -- N/A

FI-315R2 -- N/I'.

F1-316 31 8 August 1'3o6

FI-317 7-_ 8 Aug-_st i986
F1-319 31 N _'.

F1-320 7--5 8 August .._6
F1-320R1 N ':;

F1-321 31 28 September 1965

FI-_._ s_,8_,8_ N'A
F1-323R1 -- N, .-_
FI-323R2 -- N,/A

FI-323R3 --- N/.':
FI-324 '72 28 5e:)_en,_.=" 1965
F1-324R1 -- i\ -_

F1-326 79,80,_5 N"A
FI-3_o 76 2c, <.o_em_e: 1965
FI-328R1 ---f N "A.

F1-33_ 31 L August i96C
F1-332 "___, N A

F1-333 54 8 August !960
FI-335 3_ 3i March 1967

FI- 342 30 N ..:_ _

F1-343 .9().9! Ui Mazch i967 _.._
F_-o-:_ 31 _I ivlarch i967

F1-352 3--1 12 January 1966
FI- 352RI -- re�A,

FI-353 82 N/:'

FI-356 88,---93 28 September 1965
Fi-357 89 8 August ).968

F1-358 31 8 Augus_ ._oo

F1-360 9--9 8 AuKast 1966

FI-361 9-2. .N/A
FI-362 5--__ 31 March i967

<C "Fi-369 94 8 Au_ast =v66
F1-370 _0-_ _/.:
FI-370R! _-ZZ- N/A
F!-370R2 -- N/,.

F1-370R3 -- N/A

F1-370R4 -- N/'A

F1-371 31 7 April 1966
F1-372 f_ 31 March 196_'

F1-372RI _--U N//A
F I- 372 R2 - .- N/A
FI- 378 58 N/A

F!-378R1 _-U N/A

FI- 378R2 -- N/A

FI-378R3 -- N/A

FI-379 i01 12 January 1966
FI-379RI ---f:- N/A

Figure 4. Configuration Changes--Manual Effectivity (Sheet 2 of 4)
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<

ApT,roved Incorporated in Approvea

• El P No. MD No. Mmuual Dated ECP No.

F!-379R2 -- N/'A

F-$80 99 7 April 1966
F i- 381 3-1 N/A

FL-391 102, i0__33 7 April 1966
Yd-391RI -- N/A
FI-392 137 31 March 1967

F!-392RI -----2- N/A
_' -392R2 -- N/A

' -405 125 31 Marci', i967

: :-405R1 _ N/A
'_05 R2 -- N/A

;' -,!06 -- 31 March 1987

v'. -407 :09 31 March 1967

_07RI ---- N/A
)08 i04 7 Aori11966

- _:08R1 -- 7 April 1966
:i 499 105 7 April 1966
_ _..i0 128 31 March 1967

' _-IOR1 '---" N/A

_:: ,_5 107 8 August 1966
F_.-416 120 31 March 1967

!.-416RI -fT'_ N/A

: '.!_-417 -- N/A

FI--418 -- 31 March 1967

F1., <I8R1 -- N/A
?i-419 -- 31 March i967

F :. ! ! 9 R i -- N,/,4
F-_20 -- 31 March 1967

_._i-420R1 -- N/A

F1-421 -- N/A
Fi-421Ri -- N/A

F'- _zlR2 N/A

."i-422 11__3,11__44 8 August 1966
_: :_,-422RI -- N/A
: :,. 423 119 N/A

._-423RI -- N/A

_::.-424 I10 8 August 1966
._'i- _24RI -- N/A

/,: .-426 I17 8 August i966
:- ( ,426RI -- N/A
,:"1--427 iii 31 March 1967

'_ :-427RI -U:'- N/A

_ _. ,.27R2 -- N/A
_.-,_28 87 N/A

1_,.-._28R1 _--5- N/A

FL-430 112 8 August 1966
F:-431 137 31 March 1967

FI-431R1 -- N/A

FI-431R2 -- N/A
FI-432 125 31 March 1967

Fi-432RI _-TU" N/A

Fi-432R2 -- N/A
FI-434 121 31 March 1967

FI-434RI -- N/A

L;( ;,: ). r:_tod in

....... i ' . : i,.'[_<

_'_ I'22 'z' 1-_oo ....... o ;%a_!,U:r,t ,.:::
F1-437 '- 7 14 Ocu_:..., :i:

F1-437R1 --

F i-,_o7R2 -- :,, ,,
!-_07R3 --- :\

FI-438 13:: .......Ol _...... ] ,,o

F1-43g _-' 10 .... ,'".£ _ '- _'% , ' < • : _ -.) t

FL--_,: _ ! _ ,,:< !967
I- i'_[_Ll<_ .... _'.: .:\

F1-441R2 -- .,': A

F 1- 441 R3 .... N/A
F!-443 !!. ._ Cctober 1966

F1-444 " "_'-_, i0 Au!_ust 1967
FL-444RI --.-- N/A
Fi-444R2 - - N/A
F1-445 122 8 At...ust 1966

FI-445RI -- N/"A

FI-4e7 138 N,'A
F]-447R_ -UU-- N/A

---- _k] / "FI- 4Z_7R2 _. ,A

FI-448 149 i0 Augurer 1967
FI-448R:: - - N,.A
F1-448R2 .... N 'A

FI-449 i27 51 March 1967
F1-449Ri .... _=/A

FI.: :!2 ..:__'_, 31 Marc;_ 1967
FI-452RI -: N "A

F1-453 i_,_. ,, ,A
F1-454 "_i:! _i March i967

FI-454Ri --- N/A
FI-454R2 . N/A

F1-456 124 8 Aug_st 1966
FI-456R1 "-A: W/A

F1-457 13,5 ",:'/A
F1-459 130 "_ Ma:: ':,_: :'967

FI-464 -- !40cto!,_.;r1966
FI-467 -- .i_/A

FI-467RI .-- N/A
F1-468 i28 J1 Mar_i_ /967

F1-470 140 :tO Aug_w: 1967
FI-470RI _ N//A
F1-470R2 _ • b'./A

F1-47t .-- 1_ ,'A

F1-475 -- N/A
F1-475Ri -- N/A

F1-475R2 -- N/A
FI-476 135 31 March 1967

FI-476RI -UT-_ N/A

F1-478 137 N/A

F1-478R1 ---2:- N/A
F1-478R2 -- N/A
F1-480 132 31 March 1967

Figure 4. Configuration Changes--Manual Effectivity (Sheet 3 of 4)
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Introduction R- 3896-1

['

k ;

Approved
ECP No. MD No.

Incorporated in
Manual Dated

FI-4801<I

FI-482

FI-482RI

FI-495

FI-4951{I

FI-498

F!-498i{i

FI-<: i_
l,'l-<ut_

Fi-49:}_G
FI- 500
F i-r,.......

Fi- 50:7
},'i- 50_-

?i- 5.54 kl
FI- 5(,i:

FI-:3,)5i_1

F] 505R2

Fi-506

FI- 50"i

F_ r._q" Ok/,

F1--516
FI-g:, -:::

Fi-5'

FI-_ . .i

FI- 5:
FI- 5} ......

F1- 5:. :
FI- (-<.....
F!- 52 <2

FI-52 ,_,:3
.4 F.- - _.

FI-522
FI- 52:!

FI-52,_
F1-52<
FI-52<:,_:
F1-526

F!- 52(:i{I

FI-.!":: :{L,

Fi-5_.;A2
F1-530R3 °

-- N/A

13--3,134,142 31 March 1967
142 10 August 1967
-!4---_ i0 August 1967
-- N,/A

145 I0 August 1967

- - N/A

N/A

137 I0 August 1967
-- N/A

150,151 I0 August 1967
-- N/A

148 N/A
141 31 March 1967

141 10 August 1967
161 _/A
-- N/A

< 'A

l;;v 13 February 1968
--C:, N/A

-i ;:_ N//A
-$- ......

_f,,2 I0 August 1967
..... N ,/A

:,_._O 10 August 1967
• - N/A

"_'_? i0 August 1967
.- N/A

14? ._', July 1968
....:- N/A
]. !3 February 1968
• NIA
;_:;._ Ii March 1968

:-: NIA
lg::: NIA

-:= N/A
-- 13 February 1968

-- 13 February 1968
157, i58 13 February 1968

-- NIA
15t 14 July 1968
.. N/A

162, !63 13 February 1968

- -- N/A

- - N/A
- - N/A

I ,

L

i

Appr c,"ed
ECP :io. MD No.

F!-535 --

FI-543 165
F1-543R1 --

FI-545 154
Fi-54"; T_
F!- 5-_.. 160

F i- :: " I" :"

Fi-5{%: _t: --

Fi-579 --

f'1-580 --
FI-:D _ 16] i.G_,

F1-58IRi --
Fi-58i112 --

FI-58iR3 ---
FI- 58 IR4 --

_ 68"',, .L- () ---

]71-587 --

FL- "3.90 17e

:F_ D -.,_-. 90R1 --

F L- 590P,.2 --

Fi-590R3 --
FI-590R4 --

Fi-5c21 172

Fi-592
FI-59 '_:_'_

FI-594 ....
FI- 594f{i --

F1-596 i

F1-596R1 _--

F1-597 '-,_"_;':
FI-60I --,
FI-602 1'78

Fi-60z_ 180

FI-607 181

FI- 807RI --

F1-60'IR2 --

F1-607R3 --

F1-61_. i8_A,_8_!5
F1-612Ri .--

FI-612R2 --

F1-613 18--6,18"/
Fi-6i7 --

FI-618 188,189, 190
FI-618RI --

..... I]_.:._' ,.,_, ill

Ahulu2,, ;.._ _._

.................. --.¢.--.-----

N,. A
" M'_u c. 1963

N/A
11 March

\ ,

13 '?.-_)ru:_: _ l'J::_

ix:'/\

i"-:/

:X "

l_ i !:
i'i._ :y ].9{.;11

N"//

N "d_
- /

'A.

ix "::,.

i8 /_ug'as :_69

N/.

N/>:

N/_:'_.
18 ___gu,',:_ !::6,c_

X/',,:
-</':£

N /;k

N/A

_I
_ i_

November .... :0

Noven_ber /970
.h_/t

N/_
4 Novemb_r 1970

N/A

4 November 1970

NI;.
N/A
N/A

k

xx

Figure 4. Configuration Changest-Manuai Effectivity (Sheet 4 of 4)

Change No. 12 - 12 May 1972
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R-3896-1 Section i

Paragraphs i-i tO 1-8

SECTION i

DESCRIPTION AND OPERATION

!-I. SCOPE. This section contains a general

description of the F-I propulsion system and a
detailed description of each subsystem and com-

•)_,nent. Engine cneration from tl_e prep:,_.r:!tlon

_,_ase throu[_.: an,:i :,:iciuding the enghle cutc:i
phase is defined. ,Qso included, are ex!ernal

inputs necessary :!or engine operation, t:q)ical

engine operatin F .?_r _::_e[ers, an,i a description
:;f the flow t; e:-ji:.:, follows from the time it is

./:_.ccepted by t)_ l_us:.omer through Apollo/
Saturn V laud:c!,.

i-2. F-I ROC*_T L',..G_<I,.

-3. The F-i o 'opuisi',n system was ueveiope(i
_o provide ti,,: o<,,v_:r for the booster/lignt phase

of the Saturn V vehicle. Five engines are
clustered in the S-IC stage of the Saturn V to

obtain the necessary 7,610,000 pounds thrust.

1-4. The engine features a two-piece thrust
chamber that is tubular-walled and regenera-
tively cooled to the i0:l expansion ratio plane,

and double-walled and turbine gas cooled to the
16:i expansion raZio plane; a thrust chamber

motmted turbopump that has two centrifugal
pumps spline-cormected on a single shaft driven
b) a two-stage, direct-driven turbine; one-piece

rigid propellant ducts that are used in pairs to
airect the rue! a_nd oxidizer to the thrust cham-

ber; and a hypergolic fluid cartridge that is used

for thrust chamber ignition.

1-5. The engine is within an envelope of approxi-
mately 12.5 feet in diameter and 19.2 feet long

and weighs approximately 18,600 pounds dry.

Refer to section II for specific dimensions and
weight. Thrust vector changes are achieved by

gimbaling the entire engine. The gimbal block
is located on the thrust chamber dome, and

actuator attach points are provided by two out-
riggers on the thrust chamber body°

i-6o Component locations on the engine in tim
horizontal position are basically referenced to
No. i (left) (figure i-I) or No. 2 (right) (figure

1-2) sides of the engine as viewed from the exit
end of the thrust chamber with the turbopump at

12 o' clock (top) and the hypergol manifold
assembly at 6 o' clock (bottom). Component
locations on the engine in the vertical position

are referenced to the principal component on
the four sides of the engine (eg, gas generator

side (No. i), engine control valve side (No. 2),

turbopump side, m_d i-ypergol r_,-_ifolci sicie). A
view of the forward e_d of d. <,.::sine is shown in

figure :1-3,

..i__2:=:.,.±...- ..... .5:__:-,. :.. :.:2_,....-O.,N.

' " fixed-.*-0 i"ile h--. <.:...<'ii1: " .... _ e:._ - -_.LI2E,

"thr._t, iiquic _1 _rci::e .tint .?aiibra_ed to
d,_ "elop a se:>ie'.,e_-:::i:_. asfi "_.,._1.52z,000

pounds .,, .g.. :, : ,ec:5:: .... _e {:-5_f _-f 265.3
second_.o i.]n':d,: . :: are ; . c:. oxyzen

an(. )I OiJC;,'._[:l_ _ ,v ._ . {it _. , _:,:,,ii'(} !'atio

of 2.27:1. "" " "" .,iros, _-iis used

as the wci'idi;g .... . " Ii( _ z _ i ) . { ]I :c,,uator5 and
for the <,,,,:,.:e -,:,.., • .', ana :s aiso used

as th< vu:bopu., L. :,,:. ,:_ : .,oricgmt. The F-i
engine is comprised s,.:,,_{::_ operationa!systems:

(1) A propelilmt iecc! system_ wMch sup-

plies pressurized propeilant.:-_ for combustion and
hydraulic pressure for the :;ngine control system.

(2) /M_ ignit-on sy:<:eih, whick initiates

combustion in the gas :'eile:'-ztor and the thrust
chamber.

(3) ,_ gas generating sjstem_ which pro-

,,!:,; tur;_opmno and"duces the energT to urive _ "-
condition propellant tank pressue?,nts.

(4) An engine con[io- :vszei,:, which regu-
lates the start_ _peratim: _l_.ve., and shutdown of

the engine.

(5) A flight instrcn_en_,:nion _ystern_ which
measures selected eng:h:,,e l/_.ran',_:ters for moni-

toring and evaluating the aperatioiial cl_aracteris-
tics of the engine.

(6) An environmental condh!onir4_ system,

which protects the engine from extrerne tempera-

ture environment caused by plume radiation and

backflow during flight.

(7) A purge and drain system, which in-
hibits contamination amd facilitates die overboard

disposition of expended fluids. Detailed infor-
mation of the engine system and its components
is in the following paragraphs. An engine fluid

schematic (figure 1-4), engine leading particulars"
(figure 1-5), and an engine performance sche-
matic (figure I-5A) are included to support the

text. Detailed information on engine operation
is presented in paragraphs i- 121 through i- 133o

Change No. I0 - 16 July 1971 I-i
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Section I R-3896-1

TURP.OPUMP

FUEL INLET

NO. 2_

liYDF, A ;L;C

TURBOPUMP

OXIDIZER

INLET 2

• i.
._e.q_.. ........ \ ,. /£2_o -:

Qq_ . _.

TUt_I3OPU MP

-- INTEt,: FACE
PANEL

/

SU1}P[
--"' 2" "£"

.2;" " " " ' * £. _" "

/: " " ;. _ .-_X-_ -:. .-

,," -4 ' : -. : ' " " ,,..,_-[ '.' ?'" /

/ ,s "%_'\ '7"" "%
TURIYO_'DM c_ / " ._ _ .,_':

OXIDIZER _ -"'_\ ........ .-->"

SEAL PURGE _ X ...... "".....

\
\

_-'- tIYDRAULIC

-" RETURN

---- it ,\

_' "M

.... tN

FI-1-40A

Figure I-3. F-I Rocket Engine, Forward End
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Section I R-3896-I

Thrust level "sea level)

Specific impulse (sea level)

Total propellant ilowrate

Fuel

Oxidizer

Mixture ratio

Expansion ratio

Thrust chamber pressure
Thrust chamber

temperature
Thrust chamber exit

pressure (16:1)

Fuel _r;mp discharge

pi_ossure
Oxiai.;u' !,ump disch_,_'ge

pre:<-_ure

Gas gen_;ator flowrate
(includes in total)

Fue _
Oxidize:.

1,522,000 ib

265.3 sec

5,737 Ib/sec
(40,670gpm)

1,756 Ib/sec

(15,632gpm)
3,981 Ib/sec

(25,038gpm)

2.27:1
16:1

1,125 psia
5,970 ° F

9.6 psia

1,870 psia

1,602 psia

1671b/sec

118 lb/sec

491b/sec

Gas generator mixture
ratic

Gas generator combustor

pressure
Gas generator temperature

Turbine speed

Time from turbopump
initiation to rated speed

Time from cutoff

_o zero rpm

Turbine br_¢e horsepower
Nozzle extensio.u coolant

gas _emperature
Hydraulic recircuiation
flowrat e

Engh_e dry weight
(average)

0.416:1

980 psia

1,453 ° F

5,,_92 _.pm
5.2 see

3_ 5 :_ec

53,146 np
1,138 ° F

1i.6 _i.i _:_)m
at 1,500 psig

18,619 ib

©

©
Ft,:are 1-5. Engine Leading Particulars (Engines Incorporating MD128 or MDI?4 Change)
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Section I

Paragraphs 1-9 to 1-13

R-3896-.1

1-9. PROPELLANT FEED SYSTEM

DESCRIPTION.

1-10. The propellant feed system transfers
oxidizer and fuel, under pressure, from the
propellant tanks to the thrust chamber and

gas generator. The system consists of the

following major components: A thrust chamber,
a turbopump_ two os:idizer valves, two fuel

valves <\re high-pre::,_ure oxidizer ducts,
two h_;:_- ,,'essure fuel ducts, and two fuel
inlet eii_ .,,s.

i-li.

DESC__ ['ION.

!-- _.ru::,t c . ":;er assembly (figure

-,. _,.di,ie s ,_: within which the engine
t_.:_: bvc.Io ,ed :_:_ ...' _,.hich thb, thrust is
:.: _.., ._c tL: ..... _'..;_,_c ,_2 the booster

_L._:: _[ _to_nu. . .: _1.2_.5t is' developed

thro_, c .;rocess ,._ :)urning propellants in
the c,.<_- .,abt_on chc2?h _." _tnd accelerating, to

supe "_-. : - velocity, :.<-saseous products of
thi_ . astiou througil an ex2oans_ca nozzle.
Th,:: . is transmitt(_d through a gimbal

bear,_:.:" ._ _wo _,_m._,_ actuator outrigger
_lSSell]b ..R.

1-15

o£ a.
oxidtz,.

_sser_]

the ax_
do'.: _

suppcz"
iniec,.<

by 84

jet[c2

..,must cha.:_b_ : ,:_:'_,en_15consists
, . .:-'- thrus'.. ._a,._,)er, an injector, an

. e and 1 .::n_,..-a, and a gimbal

.?he ginmat x_s.smbly attaches to
dome by e_¢jht bolts. The oxidizer

_oited _o the i/,,jecmr by 16 inner-dome

its, and bo,,_ the oxidizer dome and
.:e bolted to _he _hrust chamber body

.::_'-dome attach bolts_ The dome, in-
4 thrust _'_ ' .... c;,amoer body are indexed to

each ot:.-:-,r by one diamond-shaped and one

_'ound; :_oninterchans_bie h_dex pin, spaced

180 de_, ':e_s apart at the interface flanges below

th-_ _-_ ,,c,xdizer dome inlets° The mating
flani.!;: i :he dome m_d injector are sealed by
a TeAc,::-:'iiled Flexitallic gasket° The mating

fl_,r4;c .,f the injector and thrust chamber body

are ,s(:::ie_l at the cuer diameter by a Viton-A
()-ring ?__.,_dat the inn ._r diameter by a hollow

inco_e__-< O-ring. The Inconel-X O-ring in-

corporates drilled holes in its outer diameter
to permit injector manifold fuel pressure to
ento-_" the hollow section to increase its sealing

capa_)_i_y. Thrust-chamber leading particulars
are presented in figure 1-7. Thrust chamber
and nozzle extension are illustrated in

figure I-8.

1-$B Chan_,e No. 10 - 16 July 1971
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Figure I-6. Thrust Chamber Assembly

Change No. 7 - 18 August 1969 i-7



Section I

Paragraphs i- 14 to I- 16

R-3896-1

i_ rhrust level (sea level)

Mix,hare r_: 6 o
1,522,0001b
2.40:1

Oxidizer dome pressure

drop

Fuel jacket pressure drop

57 psia

244 psia

Propellant flowrates
Oxidizer
Fuel

Injector end pressure

Fuel injector manifold

pressure
Exitpressur'_ (16:1)
Combustion _rea

temperatu_:e
Nozzle exter_o_: coolant '

gas temperature
Fuel inlet manifold

pressure

3,933 Ib/sec

I,636 ib/sec

I,125 psia

1,222 psia

9.6 psia

5,970 ° F

1,138 ° F

1,466 psia

Valves pressure drops
Oxidizer
Fuel

Expansion _-atios
Thrust chamber
Thrust chamber

and nozzle extensior_

Fuel jacket prefill
Solution

Capacity

91 psia

210 psia

i0:i

16:1

Ethylene glycol
103-105 galo

Injector pi-essure drops
Oxidizer 309 psia
th_ei 97 psia

Figure l-_f, Thrust Chamber Leading Particulars (Engines Incorporating MD12___88or MDI74 Change)

I)

"!

1-1e. 2iif(UST CHAMBEI{ f{ODY DESCRIP-
,,_ ...... _e thrust chamber body contains a

combus!:_o:., chamber for the burning of the pro-

pel!arts ace a nozzle of the required I0:i ex-
pau_.:_>:: _'z_,cio for expelling gases produced by

the bar:_c_c propellants at the supersonic velocity
neeessar)_ to produce the desired thrust.

1-15. The thrust chamber body is a furnace-

brazed, tubular-walled, regeneratively fuel-

cooled, b_..Cl-shaped chamber incorporating two
outrigge:c arms to support the turbopump and
two outrii:,er arms to which the gimbal actua-
tors at_,c_-_, A fuel inlet manifold and a turbine

exhaust manifold are welded to opposite ends of

the china;her, One hundred seventy-eight pri-
mary tub_-: hydraulically formed from i-3/32
inch outside diameter Inconel-X tubing, make

up the chamber body above the 3:1 expansion
ratio plan 5. (approximately 30 inches below the
throat centerline plane). Three hundred fifty-
six one-i.nch-outside-diameter secondary tubes
of the sa,_e material form the chamber from

the 3:i to the i0:I expa_usion ratio plane. A
raised weld bead wire the tube number and a

mrectional flow arrow: identify fuel-up tube
No. I and fuel-down tubes No. 60and 120 on the

chamber internal faces of the injector end ring

1-8 Change No. i0 - 16 July 1971

and fuel return manifold. External to the cham-

ber the same tubes are similarly identified on

reinforcing bands and straps below the thrust
chamber throat.

1-16. Two secondary tubes are brazed to :_,ach

primary tube at the 3:1 expansion ratio area

plane. Every other primary tube is a fuel-down
tube and is slotted on its outboard side at the
fuel inlet manifold area into which fuel from the

inlet manifold is directed. An orificed plug is
brazed into the tube above the slo_ tc permit 30

percent of the fuel to go directly -co the fuel in-

jector manifold. The remaining 70 percent of
the fuel is used for regeneratively cooling' the -
thrust chamber and is directed dcwn the tube to
the fuel return manifold at the end of the cham-

ber. From the fuel return manifold, the fuel

is directed by the adjacent fuel return tubes to
the fuel injector manifold. The return manifold
is welded to the bottom of the thrust chamber

secondary tubes and incorporate_ four drain

ports, .ocated 90 degree,s apart, _c drain re-
sidual f'uids_ Forty lugs are w<£aed to the
inside wall of the return manifo::: for attaching
the turbine exhaust leak-test fixture.

©
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S0C _ ;01] I

Par,-tgraph_= _-17 to i- 19
R-3890- 1

-!7. TI;:: _uel inlet .... ,"- ...." _';,,_:,]:,'_<_. ":olded to ',:no

. pOF eli(" ]j _}ie C]]_il-{]bC'F L;O(:!',r ;n,:,)r!'.,orate_z

,.w_} fi_i) ....._80 degrees ap:a't, -or i;1OUlltin_
ith,:n:a_i:fde] valves. A three-section flange

zor n-_ou::tin, the [hr::st OK :,resYL, r:: switches,
;LaCIfll]:')[]1(.-):"iOl" att;:chin:r th._-prefill '__ '_-- .. on<ca., valve,
are loea:ec_ on the :nic,:n:an:i .Id. ;Fhe fuel in-

letmanifold distributes fuel iron: the main fuel
v._;vo.su) the Lh:'us: ':on-,:;,::-fue_-.:lc,vntt''0es

- ,>>:%,i: m,r!<.d z'..:i: .... ",u..>:z;,..:.x drilled dirougl-
iI.',ilL}/' ',.[]., O[ [}_ [i::.itJi(i ,[I](:.; [tih]Hd \\:i{_]

:,h,LS ill lib _/'ll]];.ii'y fdOi-dOV,"i [LI[)es,

18 : .':_.LdJ b:::<- o.',:hau.q_:. :"ni[oRi c:::]ec[s

• &._;.z.;aG,s thq turo!ne exh:lub! %:..s
' ' - LC.::Z] O- _ - ,_ Jz'(nL :/:t:,t'L:,'N t]'.'( ',:,'_%.'2: Ill@ ex-

_,,n-;i;:n._._ :.:::,...:s_:' ' :asa CRES tcrus..... i

_;J v,_.l ,..,t.b.: [.!F ill iI:]()L , } £;1""):5_-

•...-t;IOilil] [ FO:: ]t" ;'F:)r)r'[' ::, :3 )22;0:._2.oXpalision

_:.'.:_::st;.'. ,": A,_p it.aLL:". 'R::':F2i ?:Fow[h.

S':)::_(::' ,.:,::, :., - . :,:.,- :io,,:,vanes at the

e?:_,: n;'c,t ........... c . ,;._ 4nihJr..n distribution
o: h<" exh;;:.:::.: b:L-e.: ;,,'- i:.he nozzle extension.
rp ....
, hu exna u,.::.._,....; uJ_,::i --: ,voided to a flame

sili<.,<"!La_ :z :<.l<<-d u:, ute c.uter wad of the
_!?r:..,s: e:',tn..

q

C::": F..% : t _

C ],': :S "

&:l(_ S<}""

COZ, .....

IIT_: Ca_"

C:4. ; _1

_t._E t ,l. :.. "

':';h,;2]£ W; .':•

......... -,& L{C fOR DE-

ll_r,.......:.L:,_:_rinjector dis-

,.::c,._s ........ tin:combustion

,:., :.'.".-_::-;:L.:.,it[io,pressure:
. _- .. i,:!_ Jrc: sustain stable

:- (;;;:L-_ ;-:l-ring:, ' _,p m, e -typ e
..... (,i1:1.... :-()it:J[_rEllqOiltS by 2

•-. :.', : ..J ,qs. which dampen

,, :r4_,:-;,or.--,, 'ombustian instability
,'', :':tam,c.,.i::_combustion. The

(;( :llpgtl'i:t'll..IlLL t: L

1,2 ]- LH: _.,

[:t!'o_t 'F ,

- grodW _: '..

iq_dn x :,

J?!t_! "- :.,; ,,

Rk-n..:Ae,.:numerically, 1

_, _l_ ,4:f£:esplpix_bcscally, A
,.' .i.,. 31-rin_(N<'::']:.f2:LlrO "i-Q ) "C _',

.-q ,: :6 £-,) rin_( :_rt}oces alter-

,n ,..R::.z _; :i -L. brooves. The fuei

:'.:e:.;_pp_,ec7,qthfuel from the

m].:'ctoz: L,£d 3 z "k_:dial passages, andthe

oxidizer :':iv. :,:',.x: c.:; ..r_ supplied wiN: oxidizer
_;.',?r:, -:', ..o.zer, ,.':on..u _, axially drilled holes.

_3ou:' ,-c'L _er ::n:5's, orifice-drilled to pro-

,.'KK: & GO._F, :<;u [U.2':--O'.,--AI@ [ illll)iilg'ezllellt' and

2, circ.:ia.:, fuel-coolea copper baffles are

Drazea to the i%et ring grooves. Fifteen copper

c:pts _."_f:ced-d:-iii,..<i :.u : ...... <,,..:.£:,<

'" _ " .:,xid:zer rin:, :::'.:'{n'es• '£h._ :w,:_-).,c :'adial,
fu<'_-, ._ :ec'..coDp_: : '._.'.'f!'es :ti'<.' ' , ,....... ,_,':'.i:

fue[ by the outer ci:'cub'.rb,:!ffle tn w:,:,c}"_he'.<are
br&zed. Tu--_.;,,.::.:,, . . " ..., :_. I.CL._ ,tact hOtlsllL{:_ ill <:;'<'i, {_i" tile

12 oatc:" con:partn:cn:. :._:.',don: i:,NllR :" :'.:ca{

i:ousin_; h: the center co_r:p2r[:l:c.n[, c,_,:Ip.ocR,d bV

9:diviE:-:lfuel feed " '_ti!);:"S [" _i:_. : ":_! L!i" "'11/111[" -. :old,
"[TYi;:,Pt _o'_H.*_:a_, +ha,:., ._IR

(":q{ :" 'i " _" _'Y'," "+ .......

_['..£t &JRChlllell{ Oi" []1:.) {iir.)k, L. ;' i':.

C:£-L).;i_i ,VK..L _ ."
I /"

i ;; (%.,..," .. ..... "L: " , :

/ i$<. :"

z>--Gi .............
,/ p •

v, ./" 8 ::
%.'- ui x

/ . // _.2 ; //"kbJ '_
, : LaY "T-J-/,'/ ,. \;? .. .

>'3::=......... 1 _::_>.<k.j7:- , :' ; ',_;:x.:,;_:s:'/

\ / 2x"<ll .... "._-.
..',-_ ///"<__k J-" .:'. ,

" " /</ K _,:: "'-" '

• ----._._L__..._

'X ' INDEX PIN ---'_

NO T2:

INJECTOR CGMPART),_ENTs 4.:tl]
INDICATED BY NUMI{ER'> ] 'F::1:0i ,. , 3.
i]AFFLES ARE INDICATE}" [_y
LETTEI_S A THROUGH N.

Figure 1-9. Thrust Chamber h:jec:,or
Compartments and Baff!e;_

i-.:b.% Change No. 8 - 19 February 1970



11-3896- 1 ;l:_c"L _:i: i1

.. ,.:"

I--2i YHi{US'f CI-h'..7.H3ER O.._,.DIZ_.._ r_;_rc

I_ ....._1_._)q _,._:_. %hle thrust

chart, .,_.]- oxidizer dome aud manifold assembly
(fi:.;d_;e i-i0) discz'ibc.tes oxidizer to the thrust

c!,un'.,bez mjec_oc and pcovides the attach point
[oc in: gin-,b._A ass2:_:bly. The assembly is a

v..'c]d- d, CRES and nickei-bas_ alloy unit con-
sis:i._-of a dome bo._iva-0_da torus manifold.
J [i! .

....... :p:c b,')dy c,.,,-_::_:xs _he _.ttach_n:2i '._lan_L<e

&.,' :...... )o?t ]_o.._is ,_- t.,L< ..'lu, cA-5_ ',,v.:,t!__ho iilj,9o-
Lc.:" :'.n(', a :=,uttec: u_:< o,::]]_c:d n.,,_..tL_,_ flange

.:_ ........... "-, _i _;imi.;,d assembly. The
n:,uv._o_( mc.orp,)r:'t_.=' _,v_, ir!ets 180 descees
,. _ ._" ]oz' z_. 3,m ::;,.,$ hu No. i and No. ?..oxi-

•. ,_V_- _,_<_ :. :I"u! _'ed OOSS for the heat

( ' :- ._ . <. -_' ,.:_ ....,'.u.L:.' ,." ,,,.iy hne. To prevent
;._ ,f _.i: _ _. :_'. the ma.aifoldis iso-

" 7-<. I',v_ _ _:'tmcnts by two torus d_:'ns
,. : _: 90 ,_ .es from the it:lets,

._ ,,L;.._ _. 2,_Lt_ [Z_NG/: £SE Mt3L'[ DE-

>,' _t- i _ON. 'i-he );i,,.fi)al be:_.ino as:_embly
,h-: , ... i.-].l_ l._ern.]r:: ,!:,- }I:a.L_( a:'.;so.moly to be
,"<.. -_.: . =_b,_ut l_s x ,_:zc z--.:.:es _nd "_.nereay'
:_:: , ...... _::,uit:.'d '.:_._,trc: of the engine thrust

ve<,. u-,_ ena.bJo ,.n,;:, ve.!_ic:i'o_s guid:mce system
.... :nqn ve_:_cle p_g:- :, y_w, and roli

C":._ ,? ':i{18. "l'h{: k.i,ilc:L_ t)Og£1,1_ assembly is
;_.,};t ,.,:':' ")..,.u_,_._.,12.... . [i]c,c_-: i.i'iEerfa0e between the

_:n: ::.. ac.d vwh_cTv c_ .:..< s_ana. TLe assembly
'>" , ::'.;ili'YL( :1. iO;t--fL'l:.:_":,O_1, s{eo1 unh, ersal

_{...._.i :neorLora[i:L }-,:::,- ,:._u......socket-type
,L_'- {', t,............. -...:.:" _.,<_ ,_ _.,t, ..... :: COiYlt]OSitioii of TefiOll-

5.:".'.._¢'.ptc.'d Fibc:.-e':._es {Fab_,.'oid)is bonded to
_.'.-_. -{'.ring suz'L: _os ..f the sockets. The mail,.

co.._.,:,;nen_s of the . :,:!:_1assembly consist of

} 1.._.'3__.]Ji!<:.'_11(]1!, "" °" >_ SOP.L., ...... a body, a block,
t.,:d _. sl:aR. A =; ',.,.<.u-:mpr%4natea Fiberglass

' '.'-"_ "_'_'_ p_otects thefRi,_; . .°(fdild ':.!1(' ;_;-;l:',;Li . <._._ ._.,.

gL>,F._n:b'v fron, ' c]i,';:,'Se: environmental eondl-

tiO - •

1-22 k_he n_isah':en.enr plate is t:,m interface

bet;v:2c.,1 the oxidiz,:r dome and gimbal assembly

and h_corporates guides and threaded-_pe ad-
justment devices to laterally position the

assemb!v. _CI,:,: .... . ,i ,,,.: :,

which c:oin,::hk, \<_d'.,.,_, ,:.. ...........,-.-,. , * . <'<:,.c_ <, ;:. c:_c'-

])iq.'(.O_ &ioil_!: [_iO X-;_I:'<::S. L_i_li{, !:".','_ :_ .Z<<i 1",..':]._>:-; i_l

the se:-[ f!r_n<"(-, co.i:_c:(:i :.,..--._t> {n, :!.?',.ci ];.,_los
in {i_e p]ale, ' .......... , _ ',_' .... ' :.,f ',tZ±L_\ v _:_C",_ ,o-.. ,..,., .... ,. i:_lC' >'O&[

along the _-_-:xis. The bo<(>,_. '::u:.i,: i'..'ceessc, s
into a guid::- s!ot ,_ch ........... ;'_,' _,- ..... "Ph"

....... C_: :7 '" :_ .... i ' ' [ [',:':{ '.t

ali.,_emenfi oh.L :.'..,: c:- ._:.,,_. "?i:0 ::.:c::_t,: .. nt:,_7.:_s the
Fabroid- lined "_C.=.LVC,"'""': _ CO':::_.":'" 'V:h :.in .-}:. h ,:_e

ball sectio:is of the body .,.:a{:,'/: :_:lvi i_:.;_:>':>orates

two arms ....<:._.sw."m:-t._... [he shg;.!t I"hc, !',.)d, is the

_,t.,..... o_e. The D.)<_: ,.u ,;,:.":_os i:.'0 :,)]i.
section for the sea_. ::_ ..- .t, :_:'..,._']': c)id !im:_d

socket seedon toc_" :L< : :c .:: : ... <h,-:i.:.
9 h,. :., ...... _01{.C]< ,:Oi",i&lll,%i {, ,;_ : : . :; .:};'

.;:'-,.,.,..... ., ,.;,:.cd :_ockc_ >;c, ,,:, £ ,._ 3. <!,. <' .
s_dcs :_;' :_e :._ock -trc _.5i_,o?.'.., i<.. }$'::_; :. t::: ::z'c

and veh] _ ..';_o ::;i; ', ,c..,.. :_ U,_u;, _:_i. :,.: i't :'L; :::)i:a!•Ji_i::

P.itd illovii>_j ,,.X!" 'i_: ;:,_ ;.:i::. CAC, :::,d .'>. ,',:: .-

_2til!O!"S. TilE: £:...C.', J: ]i: 1:::':: ',: .dO _[:,:'_}':-;

a.ssembzy a.z-.> _t,_lJ,.c e:{ • : ":-::• .n_b!__ : .eqt_!r_.
]10 iui."t.Aei,'i'Ll021,'.:?_.:_O__.

i-23 9' ,"_ ",.....

(_,gu,:e i-12) inere_:s:::' '.,• .. c:; ; , .... <....-

_3_.rlSiOF,. rRLiO to d.,:2 ZZ[)<; :}; .:',.', : • ::. ,.

Oi3[::nlE'nl*"*" "" _ver"°;_-'_b' G!" (}:i_'_-])_( : 7 i':.".i:[_ C.'2)

_ile .,DO'JTO]'O6i phil.S() ():: ].}i,::' 1"."' :' '._ .5_.: : ,,. , v
. - .... j

The n::,zzle exte is:,.,n ;z, ,, .. :...• c ,:{:{,;:

in<;orpor::l.cin-_ nicido.-'._t : ,... .:. :._ , _: .. :
wal.s, separated by ::-.,::: :.i_ < < :.: . .

:[I_[O]TCiD{7_ Cil_gliiiO] _):,t'-i..{b ", :'A: .. .{) Li!J .. : . .'1L.

circu_,ni'erence. -,u'_i_:, c..: . ,:)f 'i;< ::. :i_,

is achieved by inject;iz'!:; :. b.:nc oxh::_;.i:: '
sup:.:died to /he c_wity Oct,...,:,..:,: ::',.: .v:.! . <. ::,-_
_t'I'_;_lu oxha.\_S[ i!];_iAl!i,.{-; .) i:', gil 'HR{ . :_:;_]i)O:,"

e;:haust sl:Fo[i111 t!i:oc.tt i: t,i<: . ;:-..: ]o,..:-_"' ,,.[ [))
<o of ....t.; I',:)V,'S <)VO£'i[!DplFtt' <;: , )t, i'._:lg. ! . ]:; .?*.,:

in.',)e_" wail. The t .... "Lih.:,_ "C]'LC ",::';:' .:102 _,i. O.'.;>.)z"

sic:u !.s bolted to the [hrust cn:::-ui:).:,,:. ':_:.: .,x.<_

'i v; :.tf{.,:z __e engine i_; '_,n!::s.L],'d i:,.i :},c ::'_. ;Le.

_.O_,.,,_._,_._,.c,No. 8 - 19 February ,_?,,"_'........ ±-_b
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1-26. The.turbopump contains a balancing sys-

tem to control the axial thrust loads imposed

upon the shaft and ball bearing assemblies by
the forces primarily generated by the differen-
tim pressure across the oxidizer impeller. The
balancing system utilizes the area between the
back of the fuel impeller and fuel volute as a

balance cavity, to which fuel pressure from the
discharge side of the fuel pump is directed and
regulates, to partially counterbalance the axial

thrust &:_,crsped by ti;c ,:.,xiuizer impeller. Man-
ual rotauon of the turbo, pump shaft for the pur-
pose of iaci.litaC qg U_rbopump preservation and

de_eett._:,< excessive br_ akaw:-ty and running
torciu,>, _.:. provided by a r:ng and pinion gear

co.mb_;,:,_on. The ring gear is spiined to the
turb-d_::_p shafT, and t::e pini:)n gear is mounted

to ttu: : ; .:,ue gear housing in a spring-loaded,
disen_.::, , d position. When manual rotation of

the pu:rp shaft ss requ',rc:i, the pinion gear is
pushes m to engage u ith d_e rin_; gear and a

rotating 2orce applied. The sleeve of the ring
f:ear terrains two holes, spaced 180 degrees
apart: ,,i"ich are uses m conjunction with a
magn_;ti,: transducer for monitoring shaft speed

during, er,_rine operation.

i-2"7, qi:a turbopump oearings are cooled by

:>ressu_ D. e _. fuel supplied, through a bearing
cc, ohuat c "<r,,l vaiw- to _pray nozzles at the

bea.:m[, q"ne ."ucl i_ routed in parallel from
the c<: ._-:_: control valve to the No. 1 and No. 2

i)ear_::_: ::nd to the No. 3 bearing and is then
drain(!.d:,'..:rlooardthrough the fuel overboard

drab: _: ,5en_. On engines incorporating MDI45

chang ::. one parallel routing from the bearing
coo!a_ '. :<mtrol valve has been replaced by a

series 5,:.s_em. Thi_ change directs the drain-
a?5:, fr:._ : fi?xi,No. I and No. 2 bearings to
C_'[ " ,- ,iopl .......... -,<,:.cate the No. 3 bearing and then

overbc:::'-c through ti_e over0oard drain system.
Tw;;_ c, i-_ od heaters cast into the retainer
block :,!- tile No. i and No. 2 bearings, prevent

condeu_u, tion and ice from forming on the bear-

ln___'_ _,:': "rig engine standby_

1-28. I':i_principal_ sections of the turbopump

cousis_ o_ an oxidizer pump section, a fuel pump

section; _,nd a turbine section. The three sec-

tions -ar_ structurally connected to each other

by pins, which permit relative radial movement

!. 2:.;:-:_znsatefor the effects of thermal differ-

ences oetween the oxidizer, fuel, and turbine

sections. A bearing coolant control valve

mounted on the fuel pump section supplies

coolant fuel to the b_.._ mos contained within the

oxidizer pump and turbine sections. (See fiKure <j
1-16 for turbopump leading particulars.)

Weight (average) 3,150 lb
Length 5 ft
Diameter 4 ft

Shaft speed 5,492 rpm
Oxidizer pump inlet 65 psia

pressure

Oxm_,zer pump disetmrge i, ou._ :i,;_ia

pressure
Oxidizer pump flowrate 3,986 ib_ see

(25 :.0(_3 gpm)

i_et pump inletpressure -=_,_:u

Fact pump discharge l, o _,J psia

pressure

_haet pump flowrate

Turbn c inlet temper:..tur¢

Tu;-bt_t in_(:t pressure
i Urk)lll_: exit pressure
Turbine brake horse-

power
Bearing coolant flow-
rate (parallel system)

Bearing coolant flow-

rate (series system)

Shaft breakaway and
running torque

i.:i5:) ib/sec

:15_ d20 gpm)
-. 5',_° F

.5 i::sia coral

55 psia

5_', 14!6bhp

20 ft Ji.:, ma:,_.

Fig-cu'e.l-!6. Turbopump ),e_aing Partic_Lrs

(Engines Incorporating MD2 :,_8 -;:,.'M)2 !74 Cha;:ge)

1-29. TURBOPUMP OXIDiZEP, 2UMP DF,--

SCRIPTION. The principal parts ,f the oxidizer
pump (figures 1-17 and !-18) are at. in/ucer, an
impeller, a volute, twobearings, and ':he

necessary seals to contain the oxidizer ,_ud
coolant fuel within their respective areas of th_

oxidizer pump section. The inducer is splined
to the shaft and increases the oxidizer inlet

pressure to prevent cavitation and _o airect the

oxidizer into the inlet of the impeller.. The
impeller is installed on the shaft through an
internally/ex[ernally splined cougger and irn-

parts velocity to the fluid. The volute houses
and supports the component parts of the oxidizer

pump and converts _he kinetic energy/of fluid
velocity to potential energy of fluid pressure.

The oxidizer volute incorporates a ring _hat is
pinned within a recess of the volute by 36

I-16 Change No. i0 - 16 July 1971
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,, (;'.,_-eoak<i N:-. :,: seal, and KEL-F wear-
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b:i%.k ._1':_ 5dt( '.",)E_:,..-5

'o"2_. ".*i;: O_t_ N:t-ti_ .... - ......
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P. F--

;l(

i!H
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!-33. Three n_n;_,r s<;L, .o;,_ ,

-llul ])Ul]I]:.) S(_,:;L(.:I: i\:( _ _ . _. :, " .

softls. Nu. _5 St;hi (!hi")"_ :'::' " f:;l :JC'LI .

e_trbon-nose-to-m{_ie-:;:). ,:..,: _ ::(:] -.,-:..h _

ti<- shaft area ,:)f the o:tia;u:_ uv:,, !' , lead<-
age past this seai :{,_ong \viz.; u_'...,.zv .;u r)x.s,.

h;;l(2 NO, 4 Se_t.l,, _: ._!'cgEect '..: ._,:<._ c ; . g:-itl

manifold by the r:m.a:'",. Ru..- .... z:_: c:.r .1. _.ce
No. 6 senl (fuel_;::e_ :_epn) :s a ,x_ '".,:.,'. )..'e--b)-

m_tte-ring seal an<.l ::;ea,'.saS. Mst . .,,o .,, :rein
"_q .%_)" i'b{,.the fuel inlet. Any lc_,.1,,.oe dsi,';t ...... s.u: _-

directed to tl_e fuel drain manifoR b ,.n.:. /ue_
inlet seai drain lines.
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!-3.l. /,,. 7 _/;K ,fuel lubc seal) is z-cctrbon-

_;:,:.-:,-inntc.-:_'i'.::]:so,,.]and prevents ]eak:<je of

c'o..,, luc: fr'oi.:the bearin_ support area. %ny

:,._:,..: pa_-;tNo', 7 seal would be directeci Lo the

.< .q ci"[Nn _n:{_:;oc'{_, "=i<:,.1% with a_ly i ....n...o_ p[=sd

t'.: .<o. 6 seal: :))' ,.:e /uel inlet seal drMn tines.

Adc:].:)ona] seakt; ".Z _he .fuel pump section include

. u _ i.,._.,,and two lea<L-

: :,.'it..,:, '1:;%:: _-: v< of thO S)" "-_':.:,., ....":

. ' :)_::i . .." ,';'Xke." O-tin L s ;:_,:_

• :t::.:,.... :..;.. _:.:j;os: nousin_ :no .:_l
•:_(:c..... _ ._ Nngs, which is a

...-:y,.• . '.'./,edto the fuel inlet

, . ..... .., S:i'::LIs the :q:_h _ "-pFu_c_" ....

.,]U p.!'" -, ;.',,_]]l tho lo'.,v-p:',_'gs:.:resl

- " • , ..lute::.;:o..,:tendsi::..

:-., ;, u,:[h,,. ,:-.i:.(:£tileintpdler, is _,

..... ,. .... h-tyl. :. :.-, .,:u_.. in conjunction with :::.
K<" '.,t ) fib:;1 _ %: '_< _ ' ....• " CS_,tk)lib..', S t]:O OLi[ei" all£,

;. ._-.."e.:znletcr_ '.A'till' "? "'_uc..balance cavity.

..... _ ui,i .... u _,ti_ POT[{BINE l" 'e,'_'?_o ..... _"_:,'

'.: : ,*i..:ci!:.a]. k::.::,s o; the turbine section _:::r
u, £:irpJil(:inio: :,-ta.i,'d:L'L') t._:'binowhe_-!_.

,'. %':/i..,.':FI_ _U::, i:0 11CC.'3:._$2_'3;' S:_.alS tO OOKtS].I]

,)." ..:: :_D_S::-'it<i, ':,; ......._.ut _.,}:,c secuion, (_.:.._'
,...u£-19. ) 7:'. ...."b:ne _.nletn:anifold ::....es

. ;:..:mor:en;:?r:_u,"..:.,.:,.e.,D.z:"!oinosection _.
..-:.,)<,'ares,,s_.._-. ,.<:.;: .-):-,v:d_the sti-,.;..'u:.:l

,:,....::.c,:.0::twu.-:,.,:..itc,i_}?_r::.::-_ectionand Lh.:

i't..... : .1i) '" "_': _ ' 9"sucL,..;,. .J:i':,ch :,: oo: aas am individ-
• ': ._:;tc.:-:e.5:__o,,:fitt::m_,which bolts to ..:'.c

_ ...: ...... , ?..:: :_ ciev!,:. Zo.::_ which arc
.,::....lied with the :: L,dfoiJ ser:ai number and

" ..; :] .]LHI:bC<£ Ca,, . ._o),_, u,.itb EO tile Si]OOi pOSi-
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" ' q " .'.of d:e _,tk:CF_
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R-3896-I Section I

Paragraphs 1-40 to 1-47

,_j

coolant through the restrictor to the turbopump

bearings. The restrictor is sized during engine
acceptance testing to provide a bearing pressure

of 200-540 psig. The preservative-oil poppet
offseats during preservation procedures at 9-20

psig and directs the preservative oil to the turbo-

pump bearings. On engines incorporating
MD145 change, the port for the turbine bearing
jet ring is capped and the orifice is changed to
accommodate the series lube system.

1-40. TURBOPUMP FUEL INLET ELBOW
DESCRIPTION. The turbopump fuel inlet

elbows No. 1 and No. 2) are single-inlet, dual-

outlet elbows incorporating internal flow vanes.
Fuel flows radially into the fuel pump inlet
assembly from the two inlet elbows mounted
180 degrees apart. Lifting studs are provided

o__ d',e elbows for ease of handling. Seal

_,..nitoring ports are provided on the downstream
,; itlet flanges. One attach point for support of

the engine interface panel is located on each

elbow, and attach points are located on the duct
side of the elbow for fastening a flexible (rubber)
thermal insulation boot around the blow to the

engine interface panel. TheNo. 2 elbow has a
flanged attach point for the checkout valve engine
return hose.

1-41. OX1DIZ_i_; VALVE DESCRIPTION.

i-42. The engine has two identical oxidizer
v_zlves (figure _-2i) that direct the flow of liquid

,> :.2gen to the thrust chamber and the flow of

L,/t_a'aulic control c,pening fluid to the gas gen-
er:._ci,or control valve. The oxidizer valves are

h,_,'araulically actuated, spring-loaded closed,

_ : ssure-balanced, fail-to-the-run position,
_. ,: _<_t-type valves having quick response and
.._,v delta-P operating characteristics. An

i_,.:.::_ral part of each oxidizer valve, and
:r.e_-hanicaily ol:.ened by this valve, is a normally

. ::_:_-_edsequence valve which, in the open posl-

:.x>t_, directs hydraulic control fluid to the open-
ing port of the gas generator control valve.

2-43, The oxidizer valve is designed so that

wi_en it is in _he open position, at rated engine

_Y.J,dizer press are and flowrate, it will not close

it' hydraulic control fluid opening pressure is
_o_t. The oxiaizer valve consists of a housing
that contains the oxidizer inlet and outlet ports

and the seat for the poppet seal; a poppet with
a machined Teflon seal secured by a seal

retainer; a cover that attaches to the valve

housing and contains the two poppet-chasing

springs and also serves as a mount for the
cylinder and a guide for the piston rod; a

cylinder, within which the actuating pisto,a
operates, that contains the open and closed
actuator ports and supports the position indicator

drive shaft; a cylinder head that contains the in-
let and outlet ports of the sequence valve and

also provides a mount for the sequence valve

gate; and a tapered piston rod that connects the
actuator to the poppet, mechanically opens the

sequence valve, and actuates the position
indicator.

1-44. The sequence valve is a spring-loaded

gate valve that seats against, and is hinged to,
the oxidizer valve cylinaer head. The se-

quence valve is ,:2fseaced by the piston rod to
direct opening 1- "C,rauEc con!:rol fluid to the gas

generator control v:_ive wi_en ti_e ;.xidizer valve
reaches 16.4 perce_-_ of its open position. The

position indicator consists of a rotary-motion
variable resistor and (_Den and closed position

switches. The position,, indicator is mounted on
the oxidizer valve cyli "_der and is couiAed to the
indicator drive shaft, which is mLci:anically

linked to the piston rod. Ti_c pos_tion switch

provides relay logic in the engine eiec_:rical con-
trol circuit, and the variable resis_or provides
instrumentation for ...... _.... "eco_,, _,_ valve poppet

movement.

1-45. Each oxidizer vaF,:: i_acorporates an

oxidizer dome purge check valve to admit

gaseous nitrogen downstream of d_,t, valve poppet

to purge the thrust chamber oxidizer dome. The
check valve is a gate-type w_!ve, _f._ qg loaded

to the closed position xnC_ :: iaw_ i ,,v in one
direction when the different,_tx pres;-: rc across

the valve exceeds 5. t? psi. Five _.?,pc._; of seals
are used in the oxidizer" ,_a)"e: machined Teflon

seals, Mylar lip seals, ?,ef on-co ,,ed steel

Naflex seals, and Buna-l_ O-rinbs. Oxidizer
valve leading particulars a_'e listed in figure
1-22.

1-46. FUEL VALVE DESCFClPTiON.

1-47. The engine has two tdenticai fuel valves

(figure 1-23) to direct fuel to the thrust chamber.
The valves are hydraulically operatea, spring-

loaded- closed, pressure-balancea_ iail-_:o-the-
run-position, poppet-type valves having quick
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Section I
Paragraph i-48

R-3896-1

,

c

CLOSE PORT

OPEN PORT

OXIDIZER VENT PORT

POPPET SKIRT

VALVE

OXIDIZER

OUTLET (B)

SEQUENCE

,OXIDIZER INLET (A),

UENCE

PRESSURE

OUT (F)

PISTON

INSPECTION

PORT (G)

MICARTA SF_IL_

(TEMP BARRIER)

_EAL

RETAINER

DOML PURGE
CHECK VALVE

r

[FI-I-55A

©

Figure 1-21.

response and low delta-P operating character-
istics_ The fuel valve is designed so that when
it is in the open position, at rated engine fuel

pressure and flowrate, it will not close if hy-

draulic control fluid opening pressure is lost.

1-4S. The fuel valve consists of a housing con-

ta._ing Cuei inlet and outlet ports, closing and

opening ports, a drain port, a purge port, a

1-20 Change No. 8 - 19 February 1970

Oxidizer Valve

poppet seal seat and retainer, a spring-loaded
poppet with a machined Teflon seal secured by
a seal retainer, an actuator guide internally

drilled to provide the open port passage, and a
piston that connects to the popp_. The nose

seal re_ainer incorporates 12 radially drilled

passages to direct fuel into the balance cavity
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Fig-ure 1-21. Oxidizer Valve

_,:::::i,( a,._ ,:s'.<dlow deita-.P operating character-
::_t:.(',<. %;;c fuel valve is designed so that when

-.,t ;:+ i:'. iu<. open posidon_ at rated engine fuel
:,'-'::,-_ r, :,.:+1 [iowra{:o, it will not close if hy-

,*::-au_ic u:.)utroifluid opening pressure is lost.

_--,':8. '"::e fuel valve consists of a housing con-
.'":',...,_... :u,,l inlet and outlet ports, closing and

.-t, • ./, ,rls, a drain port, a purge port,, a

poppet seal seat and retainer, a s_zing-io:_dod
poppe: with a machined Teflon sea _.,-:-c; " _,.y

a seal retainer, an actuator guide inLe.+.+aa i"
drilled te provide the open port mass_-tge ,t: ..... tt
p_s_on rha: connects to the pop;., . ']'n:. ,,

seal retainer incori?ora_;es 12 :,"_,:a::ti.ly ;.___n._<,:.:,
passat,;es to direct fuel into the b&iance cav_.y

.'< "":'_sn<,'<,+..,._ No. 8 - 19February 1970



"_" )'x.

R-3896-1 >ceil.on I

Para,.._r._ph_I--19[o 1-56

durin_ the last poruon of valve closing travel.
T} b,- feature assists the valve in closing by

maintaining a positive fluid pressure within the

balance cavity. A position indicator attaches
to the valve housing and recesses into the piston
shaft. The indicator consists of a linear-motion

varial;le resistor and open and closed position
switches. The position switches provide relay

lo_,;ic in _he en[[ine electrical control circuit,
:_z:-_ l!:e w_riable resistor provides instrumenta-

i,>,_, fo,'- _ ecording valve poppet movement.
fu'ee types of seals are used in the fuel valve:

._/_c..'_ined Teflon seals, Viton-A O-rings, and
Buna-N O-rings. Fuel valve leading particulars

are listed in figure 1-22.

Oxidizer Fuel

Valve Valve

Weight 168.0 Ib 90.0 Ib

Lengih 30.0 in. 16.0 in.
Width 17.25 in. Ii. 0 in.

C_pening 200 psig max. ii0 psig max.

pressure
Ciosing 75 psig max. 0 psig (spring

pressure only)
.Opening time 320 msec 635 msec
(sv,'itch tirnes)

C_sing time 325 msec 930 msec
(:witch times;
d:,iet diameter 8.0 in. 6.0 in.
Oat!et diame_er S. 0 in. 6.0 in.

.J ,c_pet travel 2o 34 in. 2.0 in.
19_,ppet seal Teflon Teflon

Figure 1-22. Oxidizer Valve and Fuel Valve
Leading Particulars

)-49. OXIDIZER HIGH-PRESSURE DUCT
L, ESCRIPTION.

i-50. The oxidizer high-pressure ducts con-
t_ "., and distribute the oxidizer separately to

:n of the oxidizer valves and also provide
:u)port for the forward end of the turbopump.
.i:_c: ducts are constructed of drawn aluminum

_abing', bent in a continuous section. This de-
:2;n provides flexibility to compensate for ex-

,,ansion, contraction, and vibration. Each duct
:',:quires a custom spacer at each end. These
:;pacers are machined for a particular engine
;,:_a are not m_erchangeable. On engines in-

corporating MDI3___/7change, the custom spacers

are replaced with seloctlVC, :4p:_COFS _,p.J_chincd

to various dash number sizes. A [:tp_,,_;f flan..,<c

for the gas genels_tor oxidizer duct is provided
on the No. 2 oxidizer high-pressure duet.

1-51. FUELHIGH-PRESSURE DuCT DE-

SCRIPTION.

1-52. The fuel high-pressure ducts contain and
distribute the- .uel separately !_ _,-,( _c" _he fve_,..
valves and st_p.o_or! '_hc ior\v',ll'ft end of the hlFbo-

pump. The cct.struetionand design of d_e fuel

ducts provide flexibility to compe,,,sat, _ Ln- ex-
pansion, contraction, and vibration. Each duct

requires a custon: spacer at each end. Oil oi1-
gines inc_ _-: :._.i::__. M'D!37 cna::-4<. ., the custom
spacers are re:_._ced by sclective spacers with
various dash nun':oct sizes. Tap-oils for the

bearing coolant c.,ntro! wt!ve, gimbaI fitter mani-

fold, igniter f_e! vary, :u',d fuel hitch-pressure
duct drain qu_ck-aiscon-_ect are provided on the
No. 1 fuei high-pressu:-_ duct. Tap-offs for the

gas gene_'a+c: f_(_ due:: c,ngine control valve.
No. 2 fuel b_eed an_ ii_ei high-pressure duct

drain quick-dlsconnect arc provided on the No. 2

fuel high-pressm e du:"_.

1-53. ENGINE tNTI_L_ ......._,a,v._ PANEl_, DE-

SCRIPTION.

.I-54. The engine interf: _, ;_m( _ (figure 1-24)

is mounted above the turboi,ump ,,xldizer and
fuel inlets. The panei cot ...... ,s ,,_.e customer
connect locations for eieci-mcal connectors

between the engine and _..}_.<veMcle _i_e panel

also provides an attach point for thermal insula-
tion attach brackets.

1-55. IGNITION SYS'-fE,M DESCRIPTION.

1-56. The engine ignition system supples i_eat

energy to initiate combustion in the {¢;a:; gen-
erator combustor, thrust shamber nozzle ex-
tension, and the thrust c_:un_ber. 7 :' ,gniters

are required for each :_ine star_" .,, ..... .,,yro-
technic igniters for the gas generah._ ..,',
pyrotechnic igniters for the thrust c_:_ n_,er
nozzle extension, and a hypergol ign:_- !or the
thrust chamber. The pyrotechnic _g,,iters are

electrically fired by 500 vac. 'fi,e pyrotechnic
igniters initiate combustion of the fuei and ox-
idizer in the gas generator and reignite the fuel-
rich gas generator exhaust gas in the nozzle

Change No. i0 - 16 July 1971 1-21
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-t.:: ........ ,D,_, l,,. - ,c. _..i-to±- lniCi2._{9s coin-

",_" L..-k,.)er \v],iOll £l.i0]. D_,'C;SSi.IZ'eL_.._,_ .... '.1i ..i:?., .',.",L

.,'f,>lL ; ,d "I(;. " -;:,I"_;ssurc ',J, liC',< :r'i;. >gJ.l'eS

,::fi{J: . '._:C,: :._,:"i,-,:k2:-t_iT)_S 2dig x,., , .... 3V-.tu. C,:.:b ..

:.,.h)}:',_..'-(: :Its4, :!,c :qr_jst chitinbet i:hP(,ugk

t.: '_Tvit(:.<" J".-- ,..u£ _. :n Lhe injector.

" }-!"fiG:::.. DL IGNi'FER Di_CR_i)z_Obi.

;_. T':c.hyperg'ol i{<ai_er(figure 1-25) con-

, :,_, the py;ro_.i_oric fluid that pz'oduces initial
. t, ,., . - ,t,,._:,u_.,,c,n '_._c-::u-u,_,._ chamber. The igniter

:,s:nstai}ed n>. the hyp,:._g'ol manifold by a threaded
c;.:i.: i_ecu:-od !)y _ loc:ts.;1._. The igniter consists
<,t: a c&._'tz.:dge, _ :-h.G; a cap, and related seals.
]'he cartr:dge coaLaius 403 ±10 trams of pyro-

g,,oz .c flu:d co_,sisting of 85 percent

triethyi: .... : ;,.
_%'O O1.!!" ",

J_'_d °'r_ OAL: _: " '"

.<:,', _, -r-, ,_ ; _ Zh,. <.h.., m.;3_ <'--63 27". .__

fled as tae do :t;:, :

burst p:CeSSL.:: . 3,!f:" '-,_

u'.tre&rn diapi':-.?.<vv ha;.:
500 (+25, -75) ...... <.......

approximately iS inches n J,:n_t), a_;:.: 2-3/8
inches in diameter,

i-59. PYROTECHNIC ZGNiTI]L <-,_.<_-,,>,,o-<,,-c,-__.,o_z,.lzl_.,_.

1-60. The pyrotechnic ",_o-1-_.-, ..... ,L.._. _ ,, ,,a_e igniters
(figure 1-26) initiate con-A:'vsticn "n Lhe gas gen-
erator and reignite the fuel-rich turbine exhaust
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